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Foreword

It is well known that the valves in a television receiver must satisfy require­
ments which are very different from those in a normal radio receiver. 
Although conventional radio and amplifying valves were used in the experi­
mental stage of television, the production of very large numbers of television 
receivers has created the need for valves specially designed for this purpose. 
In 1951 a complete range of television receiving valves was therefore intro­
duced by Philips a range which has been extended from time to time, to 
keep pace with the rapid development of television throughout world.
The first chapter of this book gives complete data and characteristic curves 
for these valves and also of two picture tubes. For each valve, typical circuits 
are described. The second chapter discusses intercarrier sound and flywheel 
synchronization of the line deflection. Then follows a description of a com­
plete television reco ver circuit. The matter dealt with in this book has been 
kept on an entirely practical basis. For a fundamental treatise on television 
the reader is referred to “Television”, by F. Kerkhof and Ir. W. Werner, 
also published in the Philips Technical Library.
In preparing this book use has been made of the wealth of information 
available at the Application Laboratories of the Electronic Tube Division. 
Thanks are finally due to Mr. J. Haantjes and Dr. B. G. Dammers for their 
many valuable suggestions and the reading of the manuscript and to Mr. 
Harley Carter for scrutinizing the English translation.

J. JAGER
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CHAPTER I

DATA AND CIRCUITS

Introduction
Before describing in detail each of the valves it will be advantageous to 
review them as a whole and to classify them according to their functions 
in a television receiver. For this purpose a block diagram showing the main 
stages of a typical television receiver is reproduced in Fig. 1. In this diagram 
the appropriate valve types are indicated for each function and it is seen 
that often more than one type is available for a specific application. This is 
further explained in the following notes.

MW36-54

Fig. 1
Block diagram of a typical television receiver.

R.F. amplification

In the so-called low band from 40 to 70 Mc/s the EF 80 can be used for R.F. 
amplification. This is a pentode with high mutual conductance and low 
input and output capacitances. In the high band from 174 to 216 Mc/s 
the application of the double triode ECC 81 has advantages owing to the 
lower noise level that can be obtained with this valve, but the EF 80 is 
also suitable at these frequencies, especially in the simpler receivers where 
a very high sensitivity is not required.
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Frequency changing

Because of the wide bandwidths and the consequently low circuit impedances 
used in television receivers, the conventional multiplicative frequency chan­
ger valves are less suitable, because of their high noise level and compara­
tively low conversion conductance. Additive mixer circuits, in which a high- 
slope triode or pentode is used with either self excitation or separate exci­
tation, are much more favourable in these respects. In such circuits an ECC 
81 double triode or an EF 80 pentode can be used.

Picture I.F.

According to the sensitivity aimed at in the design, four or three stages of 
picture I.F. amplification preceding the video detector will normally be 
used. The valve for this application is the EF 80.

Video detection and D.C. restoration

For this application the double diode EB 91 is available. The two sections 
of this valve have separate cathodes, so that one section may be used as 
the video detector and the other as D.C. restorer.

Video amplification

Two types, the PL 83 and the EF 80, are indicated for this application. 
In receivers with a single video stage the EF 80 can be used but the PL 83 
is capable of providing a higher undistorted output voltage at a given band­
width or, alternatively, a larger bandwidth at a given maximum output 
voltage. For systems with the higher definition the PL 83 is therefore to 
be preferred. When two stages of video amplification are used the EF 80 
may serve as the pre-amplifier followed by a PL 83. It should be borne 
in mind, however, that, in view of the possibility of microphony, the gain 
between the input of the EF 80 and the control electrode of the picture 
tube should be kept below 25.

The picture tube

The all-glass picture tubes MW 36-44 and MW 36-24 have a rectangular 
screen (dimensions 30 cm X 23 cm), corresponding to the C.C.I.R. standards. 
The tubes employ wide-angle deflection, so that the total length is reduced 
to 42 cm. A larger type is the MW 43-43, also having a rectangular screen 
(36.5 cm x 27 cm), but a metal cone. The types MW 36-44 and MW 43-43 
are provided with a special gun giving improved average resolution over 
the entire screen area.

Sound I.F.

In the conventional arrangement where the sound I.F. is abstracted 
from the picture I.F. amplifier, two stages of amplification using EF 80 
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pentodes will normally be required preceding the F.M. detector. In a 
receiver with intercarrier sound one stage of sound I.F. using the EF 80 
will be sufficient.

Sound detection

For this application the special F.M. detector and limiter valve, Type 
EQ 80, is available. In other detector systems operating with a double 
diode, the EB 91 may be used.

Sound output

Two valves are available for this application. The pentode section of the 
ECL 80 can provide an output of 1.75 W at a supply voltage of 200 V. With 
certain types of F.M. detector giving a low A.F. output some pre-amplifi- 
cation preceding the output stage is required. The use of the ECL 80 has 
the advantage that its triode section can be used as pre-amplifier. If a 
higher output is required the pentode PL 82 can be used. This valve is 
capable of giving an output of about 4 W. With the EQ 80 as F.M. detector, 
giving a high output voltage, pre-amplification between the detector and 
the PL 82 is not required.

Synchronizing pulse separation and amplification

Owing to its short grid base, when the pentode section of the ECL 80 is 
operated with a low screen-grid voltage, this valve is eminently suitable 
as a synchronizing pulse separator. The triode section may then be used 
for further clipping and amplification of the synchronizing signal.

Frame deflection

In this section of the receiver the ECL 80 can serve for two functions, viz. 
the triode as blocking oscillator and the pentode as frame output valve. 
If a H.T. line voltage of 200 V is available, the pentode section of an ECL 
80 can provide sufficient peak anode current for deflection in a picture tube 
with narrow deflection angle and a comparatively low anode voltage. 
For deflection in a wide-angle picture tube operating at an anode voltage 
of 10 kV or more, it will normally be necessary to feed the anode of the 
pentode section from the boosted H.T. voltage, which is available in the 
line-output stage when this operates with a booster diode. Alternatively, 
the PL 82 pentode may be used for frame deflection. This valve can provide 
a much higher peak anode current than the pentode section of the ECL 
80, so that its anode can be supplied from the normal (unboosted) H.T. line.

Line deflection

In the oscillator section of the line timebase generator the ECL 80 can 
again be used, either with the pentode or the triode section as blocking 
oscillator or with both sections in a multivibrator arrangement.
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A special line output pentode having high anode insulation and capable 
of delivering a high peak anode current is the PL 81. This pentode will 
normally be used in combination with one of the booster diodes PY 80 or 
PY 81, the latter having special insulation between cathode and heater, 
thus simplifying the design of the line-output transformer.

E.H.T. rectifier

In modern television receivers the E.H.T. potential is normally obtained 
by rectifying the flyback pulses in the line circuit. A special diode of the 
wire-in type for this application is Type EY 51. The heater wattage of the 
EY 51 is very small, so that it is possible to feed the heater from a separate 
winding on the line-output transformer.

Mains rectifier

For the power supply section of the receiver the PY 82 is available. This 
half-wave rectifier can deliver a rectified output current of 180 mA, so that 
in most television receivers two of these valves must be used in parallel.

From the above notes it may be seen that the range of television valves covers 
all the functions likely to be encountered in a receiver. For several functions 
more than one type is available, so that a suitable valve complement can 
always be found for any television standard now in use.
During recent years the size, cost and weight of television receivers has been 
considerably reduced. This is to a large extent attributable to the wide­
spread adoption of the transformerless technique, in which the mains trans­
former is dispensed with. The heaters of the valves are then connected in 
a series chain across the mains supply, the H.T. line voltage being obtained 
by direct rectification from the mains. For this reason, with the exception 
of the EQ 80 and the EY 51, the range of valves described here has been 
designed for series operation of the heaters, the heater current being 0.3 A. 
The heater wattage of the EY 51 has been kept small (6.3 V, 90 mA), to 
permit supply from a separate winding on the line-output transformer. The 
heater current of the EQ 80 valve is 0.2 A at 6.3 V, so that when it is used 
in a receiver in which the valve heaters are operated in series, the EQ 80 
heater must be shunted by a resistor of 63 £2.
Some of the valves in the range are suitable for either series or parallel 
operation of the heaters. With the EF 80 and the ECL 80, for example, 
the heater voltage is 6.3 V at 0.3 A. Of most of the P-types, such as PL 81 
and PL 83, having a heater voltage greater than 6.3 V, equivalent E-types 
are also available. The type numbers are then EL 81, EL 83 etc.; the heater 
voltage is 6.3 V, but the heater current is, of course, greater than 0.3 A. 
The adoption of a heater current of 0.3 A is a deviation from the conven­
tional practice with radio valves, where, for series operation, a heater cur­
rent of 0.1 A is used. There are, however, good reasons for this. In the first 
place, in a television receiver one heater chain would be impossible with 0.1 A 
heaters, so that several chains would be needed in parallel, each with its 
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own series resistor, and this, of course, would be a more expensive arrange­
ment. With valves having a heater current of 0.3 A, in the majority of cases 
one single heater chain suffices and consequently this is the cheapest solution. 
Secondly, the adoption of a heater current of 0.3 A has made it possible 
to design some of the valves in this range for a heater voltage of 6.3 V, so 
that these types are suitable for either series and parallel operation.
There are many possible arrangements of the supply system of a receiver. 
The arrangement in a receiver with parallel operation of the heaters needs 
no special comment. In a receiver designed for series operation of the heaters, 
one heater chain will be employed at the higher mains voltages, whilst the 
required high-tension supply is obtained by direct rectification from the 
mains. At the lower mains voltages two heater chains will normally be re­
quired, and the high tension may be obtained either by direct rectification 
from the mains or by the inclusion of a comparatively small auto-trans- 
former between rectifier and mains.
Care has been taken in the design of the valves to ensure good heater­
cathode insulation. Some capacitance between the heater and the other elec­
trodes, particularly the cathode, is, however, inevitable and this may result 
in objectionable hum interference if the position in the heater chain of the 
particular valve in which the interference might be caused is not judiciously 
chosen. One end of the heater chain is normally connected to the receiver 
chassis, to which most of the cathodes are also connected. It is therefore 
advisable to choose the position in the heater chain of, for example, the 
frequency changer and the picture tube in such a way that the potential 
between heater and cathode is a minimum. The heaters of other valves 
not likely to cause hum interference, such as the mains rectifier, should 
then be included in the other end of the heater chain. It is also possible 
that undesirable coupling effects arise between the various stages of the 
receiver via the heater chain. It is then necessary to use by-pass capacitors 
of about 1500 pF between the heater terminal on the socket and the chassis, 
this applying especially to the picture channel of the receiver.
Finally, due precautions should always be taken to avoid temporary overheat­
ing of some of the valves. When the set is switched on the heater voltage of 
those valves having the lowest heater wattage ■—■ which implies a low thermal 
inertia — will temporarily exceed the rated value, and this tends to reduce 
the useful life of these valves. This can be avoided by using a series resistor 
having a high negative temperature coefficient (NTC resistor), so that the 
heater current is initially low and the warming up time is governed by the 
thermal inertia of the NTC resistor.
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ECC 81

The double triode ECC 81

Fig. 1
The double triode ECC 81 

(about actual size).

Description
The ECC 81 is a double triode in noval en­
velope, specially designed for use as R.F. 
amplifier or frequency changer at high fre­
quencies (100-300 Mc/s). When used as a fre­
quency changer one triode section may serve 
as mixer and the other as local oscillator. 
In the design of the valve special attention 
has been paid to the performance at high 
frequencies. The electron transit time between 
cathode and grid is short, resulting in a reduc­
tion of noise and input conductance. The 
triode sections are mounted side by side in 
order to keep all leads to the base pins as 
short as possible. This is especially important 
in respect of the cathode lead, where a 
high inductance would result in a high input 
conductance. Owing to the high mutual con­
ductance and the low input capacitance of 
each system a high gain can be obtained at 
large band widths.
When the ECC 81 is used as a combined 
mixer and local oscillator, the two triode 
sections operate under very different condi­

tions. It is then often convenient to be able to choose the cathode bias of 
each triode independently. This has been made possible by connecting the 
cathodes of the two systems to separate base pins.

Application
For amplification at high frequencies a triode is often preferred to a pentode. 
While it is true, that “shot” noise occurs in both the pentode and the triode, 
the pentode has an additional source of noise, caused by random variations 
in the distribution of electron current between anode and screen grid. 
An R.F. stage equipped with a pentode will therefore be noisier than a 
similar stage with a triode of comparable mutual conductance, but this will 
only be noticeable when the external noise caused by the impedance of the 
input circuit and the noise received by the aerial is small compared with 
that caused in the valve.
In the 41 to 68 Mc/s television band the noise received via the aerial normally 
exceeds the noise generated in a high slope pentode, so that no appreciable 
improvement can be obtained by using a triode. In the 74 to 216 Mc/s band, 
however, both the equivalent circuit noise and the noise received via the 
aerial are much smaller, so that an improvement in noise level can be ob­
tained by using a triode instead of a pentode in the R.F. stage. This, of 
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ECC 81

course, applies especially to a receiver of very high sensitivity. In a receiver 
of lower sensitivity, where the minimum useful signal largely exceeds the 
equivalent noise voltage of the R.F. valve, there is no appreciable difference 
between a pentode and a triode.
The internal resistance of a triode is much smaller than that of a pentode, 
but this is no great disadvantage, because at high frequencies where a triode 
would be used the circuit impedances are several times smaller than the 
internal resistance of the valve. A real disadvantage of the triode is the 
relatively large capacitance between anode and grid, which, in a normal 
circuit with grounded cathode, must be neutralised to prevent instability. 
In the grounded-grid circuit, however, the grid shields the input from the 
output, so that neutralisation is not required. It is also possible to combine 
the grounded-cathode and the grounded-grid circuits (cascode circuit), in 
which one section of the ECC 81 operates as grounded-cathode amplifier 
working into the other section connected as a grounded-grid amplifier. The 
gain of the first section is then practically unity, so that instability as a 
result of anode-to-grid capacitance cannot occur.

1. The ECC 81 as R.F. amplifier in a grounded-cathode circuit

A circuit diagram of an R.F. stage in which the two sections of an ECC 81 
valve are connected in push-pull is represented in Fig. 2. This circuit has 
the advantage that the input resistances and the capacitances of each triode 
are effectively in series across the tuned circuits. Compared with a single 
stage this results in the valve capacitances across the tuned circuits being 
halved and the valve resistances doubled. It is therefore possible to obtain 
a high L/C ratio and a high quality factor.
It is necessary to neutralise the anode-to-grid capacitance of each triode 
section. The capacitors used for this purpose must have a value from 1 to 
2 pF, and can most conveniently be obtained by twisting together two short 
lengths of insulated copper wire. Optimum compensation can be obtained 
by varying the twisted length.

Fig. 2
The ECC 81 as R.F. amplifier with the two 

sections in push-pull.
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ECC 81

The inductances L2 and L3 are tuned to the required frequency by the 
valve and wiring capacitances. Since the bandwidth is fairly large, variable 
tuning can often be dispensed with. At a frequency of 200 Mc/s the input 
resistance of each triode section is approximately 2 ki) and the equivalent 
noise resistance approximately 500 Q.

2. The ECC 81 as R.F. amplifier in a grounded-grid circuit

The circuit diagram reproduced in Fig. 3 differs from that of Fig. 2 in that 
the signal is applied to the cathodes of the triodes instead of to the grids. 
The grids shield the input circuit from the anodes, so that it is no longer 
necessary to apply neutralisation, which simplifies the circuit.
In the grounded-grid arrangement the input resistance of each system is 
much smaller than in the grounded cathode circuit. The input resistance 
is the reciprocal value of the mutual conductance, i.e. for one section of 
the ECC 81 it is approximately 180 £1. The low input resistance results in 
a low voltage gain in the input circuit. On the other hand the bandwidth 
becomes so large that several channels can be received without retuning 
the R.F. stage. Variable tuning of the local oscillator therefore suffices. The 
intermediate frequency should be chosen so high that image frequencies 
fall outside the television band.

Fig. 3
The ECC 81 as R.F. amplifier in a 
grounded-grid circuit, with the two 

sections in push-pull.

3. The ECC 81 as R.F. amplifier in a cascode circuit

It is possible to combine the advantages of the grounded-cathode with 
that of the grounded-grid circuit. Using the two sections of an ECC 81 
valve in cascade with the first section in a grounded cathode and the second 
section in a grounded-grid circuit gives the combined circuit the high input 
resistance of the grounded-cathode arrangement and the favourable shielding 
between input and output of the grounded-grid circuit. The complete circuit 
is given in Fig. 4.
Since the input resistance of the second stage is 1/8, the voltage gain of 
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ECC 81

the first stage is unity. Neutralisation by means of Ls is therefore not used 
to prevent instability, but to reduce noise. The noise decreases with de­
creasing feedback from anode to grid. The inductance of L3 is so chosen that 
it resonates with the anode-to-grid capacitance at the signal frequency, 
so that the impedance between anode and grid becomes very high.

Fig. 4
The ECC 81 as cascode amplifier.

The inductor Lb is tuned to the signal frequency with the valve and wiring 
capacitances, whilst _L4 serves as an R.F. choke in the cathode lead of the 
second stage. For alternating currents the triode sections are connected in 
series, so that the alternating anode current of the first stage flows through 
the second stage. The voltage gain between the grid of the first stage and 
the anode of the second is therefore SRa, where X is the mutual conductance 
of one triode and Ra the load measured across L6.
Owing to the current feedback in the grounded-grid stage the load of the 
first stage is practically noise-free. The noise is therefore determined by 
the first triode, so that the combination has the low noise of a triode amplifier 
and the shielding between input and output of a pentode. The gain is also 
identical to that of a pentode with mutual conductance S.

4. The ECC 81 as frequency changer

If the R.F. stage in a television receiver is designed to have a large band­
width, and consequently a low gain, an appreciable reduction in noise can 
be obtained by using a triode for frequency conversion. A circuit diagram 
in which one triode section of an ECC 81 valve is used as mixer and the 
other as local oscillator is given in Fig. 5.
The oscillator voltage is applied to the mixer grid via a small capacitor 
of 1 to 2 pF, which again can be obtained by twisting together two short 
lengths of insulated wire. Adjustment of this capacitor to such a value that 
a grid current of slightly less than 1 gA flows in the grid leak of 1 MQ gives 
optimum conversion conductance. The oscillator voltage at the grid is then 
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ECC 81

between 2 and 2.5 Vrmg, and the conversion conductance 2 mA/V. Auto­
matic bias is obtained for the mixer section by means of the cathode resistor 
of 500 £2, which prevents overloading of the triode if the oscillator voltage 
should fail.
With a combination of the circuits represented in Figs. 2 and 5 at a signal 
frequency of 200 Mc/s a voltage gain of approximately 15 Ra, can be obtained, 
where Ra is the impedance in the anode circuit of the mixer. This figure 
refers to an aerial impedance of 70 £2. With a total receiver bandwidth of 
5 Mc/s and an aerial E.M.F. of 6.6 gV the signal-to-noise ratio measured 
at the output is then unity. With optimum matching of the input this signal 
corresponds to 3.3 gV at the input terminals of the receiver.

Fig. 5 
Frequency changer circuit using the ECC 
81, in which one section serves as mixer 

and the other as local oscillator.

Heater data
DATA OF THE ECC 81

Heating: indirect by A.C.
Heater voltage
Heater current

or D.C.; series or parallel supply
. . . Vf = 6.3 12.6 V
. . . If = 0.3 0.15 A

Base connections and dimensions of the ECC 81.
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ECC 81

Typical characteristics (for each section)

Capacitances (measured on the cold valve)
Section 1 Section 2

Input capacitance .... 2.3 2.3 pF
Output capacitance .... 
Capacitance between anode and

ca 0.4 0.35 pF

grid.........................................
Capacitance between anode and

Gag = 1.6 1.6 pF

cathode ...............................
Capacitance between heater and

ak : 0.18 0.18 pF

cathode....................................
Capacitance between cathode

Cfk = 2.5 2.5 pF

and grid + heater .... 
Capacitance between anode and

Ckfg+D = 4.8 4.8 pF

grid + heater....................
Capacitance between the two

Ga(g+f) = 1.9 1.8 pF

grids....................................
Capacitance between the two

Ggg‘ < 0.005 pF

anodes.................................... Gaa- < 0.4 pF

*) At this adjustment grid current may occur. In cases where this is inad­
missible it is advisable to adjust the bias to —1.5 V.
**) When the ECC 81 is used in a receiver or any other circuit with series- 
connected heaters it is necessary to use a device limiting the initial current 
after switching on. This may be an NTC resistor in series with the heater chain.

Anode voltage.......................... va = 100 170 200 250 V
Grid voltage........................... vg = —1*) —1*) —1*) —2 V
Anode current.......................... la = 3.0 8.5 11.5 10 mA
Mutual conductance .... 8 = 3.5 5.5 6.4 5.0 mA/V
Amplification factor .... p =

Limiting values (each section)
Anode voltage at zero anode 

current................................ Vao
Anode voltage.......................... Va
Anode dissipation........................... Wa
Cathode current.................... 4-
Heater voltage during warming up period

(for Vf normal = 6.3 V) .
(for Vf normal = 12.6 V) .

Voltage between heater and 
cathode........................... V fk

Negative grid voltage ... —Vg
External resistance between con­

trol grid and cathode, with 
automatic bias.................Rg

External resistance between 
heater and cathode. . . . Rfk

58 66 66 60

max. 550 V 
max. 300 V 
max. 2.5 W 
max. 15 mA

max. 9.5 V**) 
max. 19 V**)

max. 90 V 
max. 50 V

max. 1 MÎ2

max. 20 kQ
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ECC 81

Fig. 7
Anode current plotted a- 
gainst grid voltage, with 
anode voltage as parameter 

(one section).

Fig. 8
Anode current plotted a- 
gainst anode voltage, with 
grid voltage as parameter 

(one section).
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plotted against anode current, for anode voltage of 100 V (one section).
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Fig. 13
Performance curves of the ECC 81 as mixer 
operating at an anode voltage of 170 V, with­
out cathode bias resistor. <S is the effective 
mutual conductance for a signal of 100 mV 

at intermediate frequency.
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R.m.s. value of an interfering signal which 
results in a cross modulation of K = 1%, 
and hum voltage giving a modulation hum 
of 1%, plotted against the mutual conduct­
ance, for anode voltages of 100 and 170 V 

respectively.



Fig. 17
As fig. 16, but for anode voltages of 200 and 

250 V respectively.

EC
C 8



EF 80

The RF pentode EF 80

Description

Fig. 1
The R.F. pentode EF 80 (about actual 

size).

The EF 80 is a high-slope R.F. 
pentode on the Noval base, design­
ed primarily for wide-band R.F. 
and I.F. amplification in television 
receivers. Its characteristics render 
the valve suitable for use also as 
a video amplifier, as a frequency 
changer, and in some forms cf syn­
chronizing-pulse separator circuits. 
As with other valves in the range, 
the EF 80 can be used with an H.T. 
line voltage of 170 V without sacri­
ficing performance. A line voltage 
of about 170 V is commonly en­
countered in television receivers 
with a transformerless supply sys­
tem when the mains voltage is 220 V. 
Due to the provision of two 
cathode leads, the input conduct­
ance has been reduced, and this 
is of particular importance at the 
higher frequencies in the television 
bands.

Application

1. The EF 80 as I.F. amplifier

The carrier frequencies of the low television band for channels I to IV of 
the 625 line system lie between about 40 and 70 Mc/s. Two possible circuit 
arrangements are available for the amplification of these signals to a level 
suitable for video detection. In receivers intended for the reception of one 
channel only a T.R.F. amplifier can be used but, owing to the high carrier 
frequencies, efficient screening is required, whilst it is also difficult to adapt 
such a receiver for the reception of more than one channel. A superhet 
arrangement is therefore often preferred and most of the gain is then 
provided by the I.F. amplifier, the preceding stages mainly serving for 
frequency conversion and some pre-selection. Moreover, the frequency 
response of the R.F. stage of the receiver is usually very flat, so that the 
shape of the response curve of the receiver is almost entirely determined 
by the I.F. circuits.

A normal figure for the required I.F. signal at the video detector for average
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picture contrast with a direct-viewing picture tube and one stage of video 
amplification is 2 V. Assuming that one stage of R.F. amplification and a 
frequency changer are employed, giving a total gain of 20 between the aerial 
terminals and the grid of the first I.F. tube, a total I.F. gain of 10 000 is 
required when the sensitivity at the centre frequency of the pass band has 
to be 10 gV, and one of 1000 when a sensitivity of 100 gV is considered 
sufficient. A convenient figure for the 3 db bandwidth with the 625 line system 
is 5 Mc/s and, in order to keep image frequencies outside the television band 
and to minimize feedback of harmonics of the detected I.F. signal into the 
first stages of the receiver, the centre of the I.F. band should be chosen at 
about 21 Mc/s. In the high band from 174 to 216 Mc/s a higher intermediate 
frequency is often used.
A basic diagram for a four-stage stagger-tuned I.F. amplifier is given in 
Fig. 2. A very useful characteristic quantity of a valve is the product of 
gain and bandwidth, GB, which is equal to »S/2n + Co), in which 6' is

Fig. 2 
Simplified diagram of a four-stage I.F. amplifier with staggered tuning.

the static mutual conductance and and Co are the input and output 
capacitances respectively. With the EF 80 this figure is 110 and this would 
imply that a voltage gain cf 22 could be achieved when the 3 db bandwidth 
of the anode circuit is 5 Mc/s. However, the GB figure is purely a valve 
characteristic and therefore does not take into account the unavoidable 
increase in total capacitance of the anode circuit caused by the wiring and 
the distributed capacitance of the coil. Moreover, the GB figure is given for 
the cold capacitance of the valve and for a valve in operation the actual 
capacitances are somewhat greater. A practical figure for the product GB 
of the EF 80 is 55 when the capacitance in the anode circuit is not intention­
ally increased, which implies tuning of the circuits by means of slugs of pow­
dered iron. A stage gain of 11 can therefore be obtained when the bandwidth 
is 5 Mc/s. This method of calculation may also be applied to a stagger-tuned 
amplifier when the circuits are mutually detuned and damped according 
to the method of flat staggering.
A four-stage amplifier with EF 80 will therefore provide a total I.F. gain 
of 10,000 and one with three stages a total gain of 1000. With these figures 
allowance is made for some decrease in gain due to the inclusion of trap 
circuits for the suppression of sound, adjacent sound and adjacent picture 
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signals. Also the inclusion of small non-bypassed cathode resistors, for com­
pensating the variation of the input capacitance of the valves caused by 
the contrast control, will result in a somewhat lower gain. A simple method 
for determining the tuning frequencies of each of the five tuned circuits of 
the four-stage amplifier of Fig. 2 and the required bandwidths of each circuit 
will now be given.
From a semi-circle, subdivided into 5 equal parts, a perpendicular is dropped 
to the diameter from the centre of each part (see Fig. 3). The scale of this

Fig. 3
Stagger diagram for a four-stage I.F. amplifier 

centred at 21 Mc/s.

figure should be so chosen that the diameter represents the required 3 db 
bandwidth of the whole amplifier, which in the present case is 5 Mc/s. The 
base of the central perpendicular now represents the centre of the I.F. band 
and the horizontal distances of the other perpendiculars represent the detun­
ing of the other circuits with respect to this centre. Moreover, the length 
of each perpendicular gives half the required bandwidth of each circuit. 
The tuning frequencies and bandwidths of the circuits of Fig. 2 may now 
be tabulated as follows:

Circuit No. Tuning 
frequency Bandwidth

I 18.6 Mc/s 1.6 Mc/s
II 19.5 Mc/s 4 Mc/s
III 21 Mc/s 5 Mc/s
IV 22.5 Mc/s 4 Mc/s
V 23.4 Mc/s 1.6 Mc/s
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Fig. 4
Stagger diagram for a three-stage I.F. amplifier 

centred at 21 Mc/s.

The staggering scheme for a three-stage I.F. amplifier, also with a band­
width of 5 Mc/s and a centre frequency of 21 Mc/s is shown in Fig. 4. Such 
an amplifier with three EF 80 valves provides a gain of 1000 and the stagger 
frequencies and bandwidths are:

Circuit No.
Tuning 

frequency Bandwidth

I 18.7 Mc/s 1.9 Mc/s
II 20.05 Mc/s 4.6 Mc/s
III 21.95 Mc/s 4.6 Mc/s
IV 23.8 Mc/s 1.9 Mc/s

From this stagger diagram it appears that it is not always necessary to 
have a circuit tuned to the centre frequency. In fact such a circuit will 
only occur in an amplifier having an uneven number of tuned circuits. 
The required bandwidth of each individual circuit is usually obtained in the 
following way. All coils of the amplifier are given equal Q’s and the band­
width of each circuit is adjusted to the desired value by chosing a suitable 
value for the grid leak resistor (Fig. 2). In determining the value of this 
resistor it is not necessary to take the input damping of the EF 80 into 
account, this damping having a very small value. The damping on the last 
I.F. circuit caused by the detector diode, however, may be quite considerable, 
its value being approximately equal to the diode load. When the smallest 
bandwidth of the circuits is obtained from the stagger diagram the minimum 
Q of the coils may be calculated with the aid of the following formula:

e = 4-
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in which f0 is the tuning frequency of the circuit in question and B the 
bandwidth. For instance, the minimum Q of circuit No. I in the stagger dia­
gram of Fig. 3 is Q = 18.6/1.6 = 11.6. In the examples given above the total 
tuning capacitances have been assumed to be 22 pF, which is about twice 
the sum of the input and output capacitances of the valve. The total parallel 
resistance of the circuit is now:

S = 2k/0C = 2k x 18.6 X 106 X 2.2 X 10-u = 45°°

Assuming the actual coil Q to be 25, this being a value which can easily 
be attained in practice, the parallel resistance of the circuit would be:

X 4500 = 9700 £2.ll.o

In order to arrive at the required total parallel resistance of 4500 £2, 
a grid leak of 8400 £2 should be chosen in this case. The grid leaks of the 
other stages can now be calculated in a similar way.
Referring once more to Fig. 3, it will be clear that in the case of large num­
bers of mutually detuned circuits the bandwidths of the outermost circuits 
in the stagger diagram may become inconveniently small. This difficulty 
can be avoided by using two or more identical staggered groups in cascade, 
but this involves some loss of total gain. According to this method a five- 
stage amplifier, i.e. with six tuned circuits, can be composed of 2 identical 
groups of 3 circuits or of 3 groups of 2 circuits. If, however, the 3 db band­
width of each group is again chosen equal to the required total bandwidth 
of the amplifier, the drop at the limits of the total pass band will be 6 db 
when two identical groups are employed, and 9 db in the case of three groups 
in cascade. It is therefore necessary to give each group a bandwidth greater 
than the total bandwidth of the amplifier. The factors with which the re­
quired total bandwidth of the whole amplifier must be multiplied to obtain 
the bandwidth of each group can be found in the following table.

Number of 
staggered 
circuits in 
each group

Number of identical groups

1 2 3 4 5

1 1 1.56 1.96 2.27 2.56
2 1 1.25 1.41 1.54 1.61
3 1 1.16 1.25 1.32 1.37
4 1 1.11 1.19 1.23
5 1 1.09 1.15
6 1 1.075 1.11
7 1 1.05
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From this table it appears that the required bandwidth of each group in­
creases with the number of groups employed. In an amplifier with six tuned 
circuits, for example, the factor is 1 in the case of one staggered group, 
1.16 for two identical groups of three circuits and 1.41 for three groups of 
two staggered circuits. In the latter case when the total bandwidth of the 
amplifier has to be 5 Mc/s each group must have a bandwidth of 7 Mc/s and, 
since the product of gain and bandwidth is constant for a given type of 
tube, the result will be a smaller gain.
It is interesting to note the difference in performance with regard to gain 
between an amplifier employing circuits all tuned to the same frequency 
and a stagger-tuned amplifier. The four-stage stagger-tuned amplifier of 
Fig. 2 gives a gain of 10,000. In another four-stage amplifier, however, in 
which the five circuits are all tuned to the same frequency, the bandwidth 
of each individual circuit would have to be 2.56 times the required total 
bandwidth. Whilst the gain per stage of the stagger-tuned amplifier was 10, 
in the latter case this would be reduced to about 4, giving a total gain of 
44 = 256.

The inclusion of traps for the suppression of the sound carrier and for ad­
jacent sound and picture signals will influence the shape of the response 
curve of the I.F. amplifier. This will usually necessitate small corrections 
of the tuning frequencies and dampings of the I.F. circuits when these are 
determined according to the method represented in Figs. 3 and 4.
Also the sequence of the circuits will often be chosen differently, for various 
reasons, although this does not influence the shape of the response curve. 
The first stages of the picture I.F. amplifier are often also used to amplify 
the I.F. sound signal, which is usually tapped off after the second I.F. stage. 
Economies may then be effected in the design of the sound I.F. amplifier 
by chosing the most favourable stagger frequencies with regard to sound 
I.F. amplification for the first stages of the picture I.F. amplifier. This, 
however, often conflicts with the requirements of picture contrast control 
and a compromise must then be sought.
The contrast of the television picture is normally adjusted by varying the 
bias of the valves in the first stages of the receiver. Owing to unavoidable 
oscillator-frequency shift the bias of the mixer stage must not be varied 
and contrast control must therefore be achieved by varying the bias of the 
R.F. stage and of the first two I.F. stages. Variation of the bias, however, 
results in a variation ACf of the input capacitances of the valves and this 
may upset the total response curve of the receiver. Therefore, those I.F. 
circuits from the stagger diagram having the largest bandwidths should be 
used to precede those valves of which the grid bias is varied, as this keeps 
the influence of the contrast control upon the total response curve as small 
as possible. As may be seen from the curves given in Fig. 18, when the slope 
of the valve is varied between 7.4 and 0.74 mA/V the variation in input 
capacitance of the EF 80 is 1.95 pF. This variation may be inadmissible and 
special methods are available to reduce this variation. A simple and efficient 
form of ACf compensation is briefly described below.
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Compensation of input capacitance and resistance variation

To give a complete explanation of this method it would be necessary to 
consider many effects, including those of lead inductances, stray capaci­
tances and transit time. The practical value of such an analysis is, however, 
limited, as lead inductances and stray capacitances occurring in production 
cannot be accurately predicted. The most favourable values of the components 
for compensating the variation in input capacitance and resistance are there­
fore normally determined by experiment, but the main principles should, 
of course, be understood.

In the basic circuit cf Fig. 5 a non-bypassed resistor is included in the 
cathode lead, C representing the capacitance between grid and cathode of 
the valve. Due to electronic effects this capacitance varies with the bias. 
In the cut-off condition C has a value of 7.2 pF, this gradually increasing 
to about 9.8 pF when the grid bias is reduced to —2 V. In the first case 
the effective capacitance measured across the input terminals is practically 
7.2 pF, R having a low value compared with the reactance of C. In normal 
operation, however, a voltage occurs across the cathode resistor, so 
that the voltage across C is reduced by the factor 1/(1 + SR), in which S 
is the static mutual conductance of the valve. The object now is to keep the 
charging current of C constant, so that the effective input capacitance of 
C is also kept constant. In the above example the factor 1 + SR should 
therefore have a value 9.8/7.2 = 1.36, so that, since $ is 7.4 mA/V, the 
cathode resistor must have a value of 0.36/N = 49 Q.

This resistor would indeed be required for optimum compensation of the

Fig. 5
Basic circuit for the 
compensation of input 
capacitance variation.

input capacitance variation, but the result would 
be that the effective mutual conductance of the 
valve is reduced by a factor 1/1.36 = 0.74. A 
lower value of R still giving adequate compen­
sation is therefore normally used, a practical 
value for the EF 80 being 27 Q.

The variation in effective input resistance is also 
reduced by the inclusion of a non-bypassed ca­
thode resistor. At cut-off, when the input resis­
tance of the tube is very high, the input damping 
caused by the current flowing through C and R 
prevents the effective input resistance from 
reaching a very high value. However, this addit­

ional damping is also present in normal operation, so that, although the 
effective input resistance of the valve is somewhat increased by the 
effect of the negative feedback, the total effective input resistance 
measured across the input terminals will usually be slightly lower 
than that which would be obtained without a non-bypassed cathode 
resistor. This may be improved upon by shunting the cathode resistor by 
a small capacitor having a value of 5 to 10 pF.
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2. The EF 80 as R.F. amplifier

As in all R.F. amplifiers, the connecting leads should be kept as short as 
possible in order to minimize stray capacitance and self-inductance. The 
lay-out should be such as to reduce the risk of feedback, a centre screen on 
the valve holder connected to the chassis being an advantage.
Normally, common decoupling may be employed for anode and screen. If 
trouble is experienced due to feedback through the anode-to-grid capacitance, 
it may be profitable to use separate decoupling for anode and screen, as 
this results in a lower effective feedback capacitance. At frequencies of 50 
Mc/s and higher the effect of the input resistance of the valve becomes notice­
able. In order to obtain the highest value of input resistance the cathode 
pins 1 and 3 should be interconnected.
In the frequency range from 100 Mc/s to 300 Mc/s the noise level due to 
static and cosmic noise is very low. The use of a triode may therefore be 
preferred at these frequencies.

3. The EF 80 as frequency ehanger

Fig. 6 shows a typical circuit for operation at the lower television carrier 
frequencies, in which one EF 80 pentode is used as R.F. amplifier and the 
other as self oscillating frequency changer.

Fig. 6
Front end for a television receiver with one EF 80 
as R.F. amplifier and the other as self-oscillating 

frequency changer.

The circuit of the R.F. stage is conventional in all respects. In this stage 
the grid and anode circuits are tuned by means of iron-dust slugs in the in­
ductors, the tuning capacitances being formed by the valve and wiring capa­
citances. A variable bias for gain control is applied to the bottom of the 
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grid circuit, a non-bypassed resistor, which may have a value of 27 £2, being 
included in the cathode lead to reduce variations in input capacitance as a 
result of the gain control. The bypass capacitors for the anode circuit and 
the screen grid may have values of 1500 pF and should be of a type with 
low inductance, for example ceramic capacitors. A suitable value for the 
resistors in series with the H.T. supply is 1 k£2.
The signal at the anode of the R.F. valve is applied via a coupling capacitor 
to a tap on the oscillator circuit. Since the oscillator circuit is so adjusted 
that the oscillator voltage at the tap is a minimum, coupling between the 
oscillator and the R.F. input is negligible, so that there is no “pulling” of 
oscillator frequency when tuning the R.F. circuit.
The oscillator coil L2 is tapped at the centre, and the oscillator voltage 
at this point is made a minimum by adjusting the capacitor Cx connected 
between the screen grid and earth. In practice it is possible to use a capacitor 
of fixed value for Cr
The inductance of the oscillator coil should be small compared with that 
cf the R.F. coil Lv and this can be achieved by using a high Q, high C os­
cillator circuit, and chosing the oscillator frequency higher than the signal 
frequency.
The amplitude of the oscillation should be that which gives a direct voltage 
in the order of 2.5 V across the oscillator grid resistor. This voltage can be 
determined by measuring the oscillator grid current, which should be approxi­
mately 5 gA.
The input impedance of the frequency changer at carrier frequency is in­
herently low, mainly because the control grid is coupled to the screen. 
Owing to the large bandwidth employed in television this is no disadvantage. 
In receivers for F.M. broadcast reception, however, the required bandwidth 
is much smaller and the input impedance may then be increased by using 
a cathode capacitor C2, which will produce a negative component of input 
resistance. The value of this capacitor can best be determined experimentally 
by starting with, for example, 500 pF and reducing this progressively. 
The shunt coil L3, which is required for connecting the cathode to the chassis 
for D.C., should have a value of about one microhenry.

4. The EF 80 as video amplifier

The normal direct-view picture tube requires a maximum drive voltage of 
about 60 V peak-to-peak, including the synchronizing signal, derived from 
the video stage. This drive voltage can be delivered by an EF 80 operating 
with cathode compensation, when the required bandwidth is not too large. 
In the case of a projection tube, however, which requires a drive voltage 
of about 100 V peak-to-peak, a considerably greater anode current swing 
is required with the same anode load. A large bandwidth, normally involving 
a low value for the load, also requires a greater anode current swing. It is 
then advisable to use the PL 83 as video amplifier.
A suitable circuit with the EF 80 for driving a picture tube of the direct- 
viewing type is given in Fig. 7. Under quiescent conditions the valve is 
operated at an anode current of 6.5 mA and a screen-grid current of 1.8 
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mA. For 60 V peak-to-peak output voltage an anode current swing of 9.4 
mA is required. The gain of the stage is 12.
A series peaking coil of 145 gH shunted by 3.3 ki) resonates with the input 
capacitance of the EF 80 at about 5 Mc/s, thus improving the response 
at the high video frequencies. Moreover, I.F. frequencies are attenuated 
by this series circuit. The shunt resistor is included to prevent overshoot. 
It is assumed that the black level of the input signal is at chassis potential. 
In this stage cathode compensation has been applied by shunting the cathode 
resistor with a capacitor of 470 pF. At high frequencies the negative feedback 
caused by the cathode resistor decreases as a result of the by-passing effect 
of the capacitor, thus compensating the loss in gain due to parasitic capa­
citances in the anode circuit. This compensation is effective up to 3.5 Mc/s.

Fig. 7
The EF 80 as a video amplifier with cathode compensation.

A series peaking coil of 100 gH between the anode of the EF 80 and the 
cathode of the picture tube extends the frequency characteristic to about 
4.5 Mc/s. The self-capacitances of the compensating coils should be small, 
and wave winding is therefore recommended.
The output signal of the video stage is applied to the synchronizing pulse 
separator via a resistor of 10 kil, thus preventing an increase in the capa­
citance of the anode circuit. Since direct coupling is used between the EF 
80 and the cathode of the picture tube, a positive variable potential can 
be applied to the grid for the brightness control (0.5 Mil potentiometer). A 
direct voltage of 300-400 V with respect to the chassis is required for the 
second grid of the picture tube. In a receiver with a high-tension line voltage 
of about 180 V, this voltage may be taken from the booster capacitor in 
the line-output circuit.
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DATA OF THE EF 80

Heater data

Heating: indirect by A.C. or D.C.; series or parallel supply
Heater voltage .
Heater current .

6.3 V
0.3 A

Vf 
If

70373

Fig. 8
the EF 80 pentode.

a

g3 
gt

k f f

Base connections and dimensions of

Capacitances (measured on the cold valve)

Input capacitance....................
Output capacitance ....

Cgl 
Ca =

7.5 pF
3.3 pF

Capacitance between anode and
control grid......................... Cogl 0.007 pF

Capacitance between anode and
cathode ............................... Cak 0.012 pF

Screen-grid capacitance . Cgi = 5.4 pF
Capacitance between screen grid

and control grid .... Cgigi = 2.6 pF
Capacitance between control

grid and heater.................... Cgif 0.15 pF
Capacitance between heater and

cathode ............................... Cfk = 5.0 pF

Operating characteristics as R.F. or I.F. amplifier

Anode voltage......................... Va = 170 200 250 V
Suppressor-grid voltage . Vg3 = 0 0 0 V
Screen-grid voltage .... Vg2 = 170 200 250 V
Control-grid voltage .... Vgl = -2 —2.55 —3.5 V
Anode current.................... la = 10 10 10 mA
Screen-grid current .... Ig2 = 2.5 2.6 2.8 mA
Mutual conductance .... 8 = 7.4 7.1 6.8 mA/V
Internal resistance .... Ri = 0.4 0.55 0.65 M£2
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Amplification factor between
screen grid and control grid +201 = 50 50 50

Equivalent noise resistance .
Input damping at 50 Mc/s

-^eq = 1 1.1 1.2 kil

(socket pins 1 and 3 inter­
connected) ......................... 41 10 12 15 :kil

Limiting values

Anode voltage at zero anode
current.................................... Vao — max. 550 V

Anode voltage..........................
Screen-grid voltage at zero

Va = max. 300 V

screen-grid current. Vg2o = max. 550 V
Screen-grid voltage .... 
Control-grid current starting

^02 — max. 300 V

point (grid current + 0.3 uA) Vgi = max. —1.3 V
Heater voltage during the warm­

ing-up period................
Voltage between heater and

max. 9.5 V

cathode ............................... V fk — max. 150 V
Cathode current.................... Ik = max. 15 mA
Anode dissipation.................... Wa = max. 2.5 w
Screen-grid dissipation .
External resistance between con-

Wgi — max. 0.7 w
trol grid and cathode, 
with self bias.................... Rgl — max. 1 Mil
with fixed bias....................

External resistance between
Rgi — max. 0.5 Mil

heater and cathode Rfk = max. 20 kil
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Anode current plotted against control-grid 
voltage for anode and screen-grid voltages 

between 50 V and 250 V.



Fig. 10
Anode current plotted against control-grid 
voltage for anode and screen-grid voltages 

between 10 V and 50 V.
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Fig. 11
Screen-grid current plotted against control­
grid voltage for anode and screen-grid voltages 

between 50 V and 250 V.
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Anode current plotted against anode voltage for screen-grid voltage of 200 V, 
with control-grid voltage as parameter.

with control-grid voltage as parameter.
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Fig. 17
Anode current and 
screen-grid current plot­
ted against anode volt­
age for control-grid volt­
age of—1 V, with screen­
grid voltage as para­

meter.

Fig. 18 
Control-grid voltage, 
mutual conductance, in­
ternal resistance, input 
capacitance variation 
and input damping (at 
50 Mc/s) plotted against 
anode current for anode 
and screen-grid voltage 

of 170 V.
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Control-grid voltage, mutual conductance, in­
ternal resistance, input capacitance variation 
and input damping (at 50 Mc/s) plotted against 
anode current for anode and screen-grid voltage 

of 200 V.<41



Fig. 20
Control-grid voltage, mutual conductance, in­
ternal resistance, input capacitance variation 
and input damping (at 50 Mc/s) plotted against 
anode current for anode and screen-grid voltage 

of 250 V.

EF 80



mutual conductance and anode and screen­
grid voltage, with anode current as parameter.



signal voltage of 100 mV, conversion conduct­
ance, control-grid current, anode current and 
screen-grid current, plotted against the oscil­
lator voltage at the control grid, for anode 
and screen-grid voltages of 170 A'.
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Fig. 23
R.m.s. value of an interfering 
signal which results in a cross 
modulation of K = 1%, and 
hum voltage giving a modula­
tion hum of 1%, plotted 
against the mutual conduct­
ance, for anode and screen­
grid voltages of 170 V and 

200 V respectively.

Fig. 24
As fig. 23 but for anode and 
screen-grid voltages of 250 V.
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Fig. 25
Input capacitance variation and input damping at 50 Mc/s plotted against 

anode current in a cathode-compensated circuit (Rk = 27 Q).
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The double diode EB 91
Description

The EB 91 is a 7-pin miniature 
double diode with low internal re­
sistances, so that it is suitable for 
use in circuits with low load resist­
ances. Each section has an inde­
pendent cathode, and an electro­
static screen is provided between 
sections.
One diode section may be used as 
vision demodulator, and the other 
section for such functions as D.C. 
restoration. In the sound channel 
cf a receiver the EB 91 may also 
be used as an F.M. demodulator, 
for example in a ratio-detector cir­
cuit.

Fig- 1
The double diode EB 91 (about actual 

size).

Application

The most important application of 
the EB 91 in a television receiver 
is in the vision demodulator stage. 
Only one diode section is required 
for this purpose and the other sec­
tion can therefore be used as a D.C. 
restorer. The polarity of the diode 
used for demodulation depends upon 

a number of factors, such as the type of transmission (either positive or 
negative modulation may be used in the transmitter), the method of modu­
lating the spot brightness of the picture tube (the video signal may be applied 
either to the cathode or to the grid of the picture tube) and the number cf 
stages used for video amplification. Cathode modulation of the picture tube 
is now almost exclusively employed and, in the case of a direct-viewing tube, 
one stage of video amplification will usually be employed for systems operat­
ing with 405, 441, 525 and 625 lines.
In the 625-line system the modulation is negative, which means that the 
carrier amplitude is maximum during the synchronizing pulses. A signal 
of the polarity shown in Fig. 2 is therefore required at the cathode of the 
picture tube, whilst the signal at the grid of the video amplifying tube should 
have a polarity as shown in Fig. 3. It can therefore be seen that the polarity 
of the diode should be as illustrated in Fig. 4, in which the voltage across 
the lead is also represented.
This signal would be directly suitable for the excitation of the video ampli­
fying valve, provided the voltage at the dotted line (black level) in Fig. 4
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------------ t 7221'

Fig- 2 
Polarity of the signal required at the 

cathode of the picture tube.

is equal to the required standing 
bias. This is not normally the case 
and since, moreover, in the absence 
of a signal, the video amplifying 
tube would operate without any 
bias, a separate bias voltage is ap­
plied either by the inclusion of a 
cathode resistor or by a fixed grid 
voltage.
It is then necessary to apply D.C. 
restoration, so that the black level 
of the complete signal of Fig. 4 
coincides with the standing bias of

the video valve. For this purpose the re­
maining section of the EB 91 can be used. 
Fig. 5 gives the complete circuit of the EB 
91 used as vision demodulator (diode section 
II) and as D.C. restorer (diode section I). 
The potential of the whole circuit with res­
pect to the chassis is —Vg, which is the 
fixed bias for the video amplifying valve. 
The bias line is normally decoupled by an 
electrolytic capacitor of about 100 gF, 
whilst the internal resistance of the bias 
source is low, so that the potential of point 
A may be regarded as a fixed reference. It 
is therefore necessary to add to the signal 
appearing at R3 + Lr a voltage correspond­
ing to the black level. This voltage is ob­
tained by rectifying the I.F. signal with the 
diode section I. The operation of this diode 
needs some further explanation.
It will be clear that the voltage supplied 
by the restorer must be free from modula­
tion, whilst the load on the preceding I.F. 
circuit should be low so as to avoid undue 

Fig. 3
Signal at the control grid of 

the single video stage.

damping. A load circuit with a long time
constant and a high resistance 

Fig. 4
Connection of the detector diode and the 

voltage across the load resistor.

should therefore be used. This 
implies that the detection effi­
ciency of the restorer diode will 
be considerably greater than that 
cf the detector diode, which has 
a load of only 3.9 kQ. For aver­
age picture contrast and with 
one stage of video amplification, 
the I.F. signal required at the 
cathodes of the EB 91 is about 
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2 Vrms during the synchronizing pulses. This I.F. signal will give rise to 
a voltage across the detector load R3 of about —1.4 V also during the syn­
chronizing pulses, which corresponds to a black level of 0.75 X (—1.4) = 
—1.05 V. An equal voltage of opposite polarity must therefore be delivered 
by the restorer diode. If R, is short-circuited a constant direct voltage of 
2.8 V, corresponding to the peaks of the synchronizing pulses, arises across 
R2. The efficiency of the restorer circuit is now reduced by means of R, 
to such an extent that the voltage across R2 becomes 1.05 V, as required. 
It will be noticed that the time constants of R2C3 and R^C^ have been so 
chosen as to differ considerably. This has been done intentionally, so as to

Fig. 5
Detector and D.C. restorer circuit employing the double diode EB 91.

prevent variations in the restorer voltage across R2 during short interference 
pulses, such as arise from car ignition and telephone dialling. With this 
circuit, the voltage across R2 does not change appreciably during a short 
interference pulse; the increase in rectified voltage occurring across R,, 
which together with C, has a low time constant. Therefore, at the end of 
the interference pulse the restorer circuit quickly resumes normal operation, 
whereas with a high time constant of the total load the increase in rectified 
voltage and the resultant increase in picture brightness would persist for 
some considerable time.
In the load of the diode section II (fig. 5) a shunt peaking coil L, of 100 
pH is included to compensate the effect of the shunt capacitor C4 and the 
wiring capacitance upon the frequency response. For the same reason a 
series peaking coil L2 of 60 pH is connected in series with the input of the 
video amplifying valve. This coil resonates with the input and wiring capa­
citance of the PL 83 at a frequency of about 5 Mc/s, thus improving the 
response at the high end of the video frequency band whilst I.F. signals 
are attenuated. Damped oscillations modulating the picture brightness 
would, however, occur after each rapid change in signal level if this resonant 
circuit were not adequately damped. A damping resistor Rt of 3.3 kil is 
therefore connected across L2.

41



EB 91

DATA OF THE EB 91

Heater data

Heating: indirect by A.C. or D.C.; series or parallel supply
Heater voltage.......................... Vf =
Heater current..........................If =

6.3 V
0.3 A

Fig- 6
Base connections and dimensions of the EB 91.

Capacitances (measured on the cold valve; with external screen)

Between anode of diode I and
all others............................... = 3.0 pF

Between anode of diode II and 
all others........................... Gdi = 3.0 pF

Between the two anodes Cdldi < 0.026 pF
Between cathode of diode I and 

all others........................... = 3.5 pF
Between cathode of diode II 

and all others................ ck2 = 3.5 pF

Limiting values (each section)

Inverse anode voltage * dinvp = max. 420 V
Average anode current . Id = max. 9 mA
Peak anode current .... I dr = max. 54 mA
Voltage between heater and 

cathode ........................... Vfk = max. 150 V
Peak voltage between heater 

and cathode...................... Vk/p = max. 330 V1)

U Cathode positive with respect to heater.
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External resistance between 
heater and cathode ... Rfk

Heater voltage during the warm­
ing-up period...................... Vf

= max. 20 kil1)

= max. 9,5 V

Limiting values of each section for use as rectifier

Supply voltage.......................... Vfr
Average anode current ... Id
Reservoir capacitor ....
Internal resistance of supply . Rt
Peak voltage between heater 

and cathode............................ VkfP

= max. 150 Vrms 
= max. 9 mA 
= max. 8 (iF 
= min. 300 12

= max. 330 V2)

If a high undecoupled resistance between heater and cathode must be 
used it may be advisable, in order to avoid hum, to reduce the heater voltage 
to about 5 V.
2) Cathode positive with respect to the heater.
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Anode current plotted against anode voltage 
for each diode.
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Fig. 9
Output characteristics for each diode, for input 

voltages between 5 and 35 V,



Direct voltage at the load resistor plotted 
against the H.F. signal, with the load resist­
ance as parameter. The curves refer to one 

diode section.
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91



PL 83

The video output pentode PL 83
Description

The PL 83 is a pentode on the 
Noval base intended for use as the 
video output valve in television re­
ceivers. At a screen-grid voltage of 
only 170 V a considerable anode 
current swing can be obtained, so 
that the anode load resistance can 
be kept low thus simplifying high- 
frequency compensation. The PL 83 
can therefore be used in cases where 
the EF 80 would be inadequate. It 
should be pointed out that the EF 
80 has been specially designed for 
use as an R.F. or I.F. amplifier. 
Important features of the PL 83 
are its high mutual conductance 
and small internal capacitances. 
Special attention has been paid to 
the mechanical design so as to pro­
duce a robust and rigid assembly, 
which minimizes the risk of micro­
phony.

Application
62148

1. The PL 83 as video amplifier 
, ^8; 1 , , „T „„ with cathode compensation

the video output pentode FL 83 r
(about actual size). circuit of a video output stage

employing the PL 83 with cathode 
compensation and a high-tension line voltage cf 180 V is represented in Fig. 
2. Compared with anode compensation by means of a shunt peaking coil, 
cathode compensation has the advantage that it permits of a simple and 
inexpensive circuit lay-out. Owing to the negative feedback, however, the 
gain of a cathode-compensated stage is usually lower.
In the circuit of Fig. 2 it is assumed that the total capacitance in the anode 
circuit of the PL 83 is 35 pF. With a cathode resistor of 470 £2 and an anode 
load of 5 k£2 the capacitor shunting the cathode resistor should have a 
value of 390 pF, thus providing equal time constants in the anode and in 
the cathode circuit. A 3 db drop in frequency response occurs at about 5 
Mc/s when the signal is applied directly to the control grid of the PL 83. 
Under static conditions with Vgl = —5.6 V the anode current is 10.5 mA 
and the screen-grid current 1.4 mA. The gain of the stage is 7.5 and, if the 
black level of the input signal is at chassis potential, a peak video output 
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voltage of 80 V, excluding synchronizing pulses can be obtained at the 
anode. This signal is ample for driving any direct-viewing picture tube and 
also sufficient for the projection tube type MW 6-2.
The video output valve also provides the signal for the synchronizing pulse 
separator. The complete signal is applied via a resistor of 10 k£2 to the se­
parator, the resistor being included to prevent an increase of the total 
anode capacitance of the video output stage.

Fig. 2
The PL 83 as video amplifier with cathode 

compensation.

2. The PL 83 as video amplifier with anode compensation

Fig. 3 gives a circuit employing the PL 83 with anode compensation. The 
high-tension line voltage is 180 V and the circuit is suitable for driving 
any direct-viewing picture tube cr a projection tube.
The series peaking coils in the control-grid circuit of the PL 83 and in the 
cathode of the picture tube are shunted by damping resistors in order to 
prevent overshoot.
The anode current under static conditions is 11 mA and the screen-grid 
current 1.5 mA when the grid bias is —5.6 V. If the black level of the input 
signal is at chassis potential a peak output voltage of about 100 V can be 
delivered, whilst the gain is 25. This gain is substantially higher than that of 
a stage with cathode compensation, but, on the other hand, anode compen­
sation is more complicated. In order to obtain a bandwidth of 5 Mc/s, com­
bined series and shunt peaking is required in the anode circuit.
A cathode resistor is not used in the circuit of Fig. 3, so that it is necessary 
to apply a fixed grid bias, which can be done as indicated in Fig. 5 on page 
41 (description cf EB 91).
When the PL 83 is used as represented in Fig. 3 one stage of video amplifi­
cation between the detector and the picture tube will normally provide 
sufficient video amplification. In a stage with cathode compensation, how­
ever, the required input signal is so large that a preamplifier must be used. 
This is due to the fact that the output signal of the last I.F. stage cannot 
exceed a certain value without causing distortion and this, of course, imposes 
a limit upon the undistorted signal available at the detector load.
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Fig. 3
The PL 83 as video amplifier with anode compen­
sation. The stopper resistor in the screen-grid lead 

should not be higher than 33 Q.

DATA OF THE PL 83

Heater data

Heating: indirect by A.C. or D.C.; series supply
Heater voltage.......................... Vf
Heater current..........................If

15 V
0.3 V

Base connections and dimensions

m
ax

78

of the PL 83.
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Capacitances (measured on the cold valve)

Input capacitance.................... Cgi = 10.4 pF
Output capacitance .... 
Capacitance between anode and

Ca = 6.6 pF

control grid..........................
Capacitance between heater and

Cagi = 0.1 pF

control grid......................... Cgif — < 0.15 pF

Typical characteristics

Anode voltage......................... Va — 170 200 V
Suppressor-grid voltage . Vgs = 0 0 V
Screen-grid voltage .... 102 = 170 200 V
Control-grid voltage .... V91 — —2.3 —3.5 V
Anode current......................... la = 36 36 mA
Screen-grid current .... Igi = 5 5 mA
Mutual conductance .... 8 = 10.5 10.5 mA/V
Internal resistance .... 
Amplification factor between

Ri = 0.1 0.1 MG

screen grid and control grid 9’0201 = 24 24

Limiting values

Anode voltage at zero anode
current.................................... Vao = max. 550 V

Anode voltage.........................
Screen-grid voltage at zero

Va — max. 250 V

screen-grid current .... 1^020 = max. 550 V
Screen-grid voltage .... 
Grid current starting point (grid

Vg2 = max. 250 V

current + 0.3 izA) .... Vgl = max. —1.3 V
Heater voltage during warm­

ing-up period.................
Voltage between heater and ca-

Vf = max. 22.5 V

thode .................................... Vfk = max. 150 V
Cathode current.................... 4 = max. 70 mA
Anode dissipation.................... Wa max. 9 W
Screen-grid dissipation . . . 
External resistance between

Wg2 = max. 2 w
control grid and cathode, 
with fixed bias.................... Rgi — max. 0.5 Mil
with automatic bias .

External resistance between
Rgi = max. 1 MG

heater and cathode Rfk = max. 20 kG
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Fig. 5
Anode current and screen - 
grid current plotted against 
control-grid voltage, with 
anode and screen-grid volt­

age as parameter.

Fig. 6
Anode current and screen­
grid current plotted against 
anode voltage for screen-grid 
voltage of 170 V, with con­
trol-grid voltage as para­

meter.
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Fig. 7
Anode current and screen-grid current plotted against anode voltage for 

screen-grid voltage of 200 V, with control-grid voltage as parameter.

grid voltage.
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The direct-viewing picture tube MW 36-44

Fig. 1
The picture tube MW 36-44.

Description

The MW 36-44 is a direct-viewing picture tube the screen of which, in 
contrast to earlier tubes, has a rectangular shape with slightly rounded 
corners. The height-width ratio of the screen corresponds to the C.C.I.R. 
standards, in which a ratio of 3 to 4 is prescribed. The colour of the emitted 
light is white and the minimum useful dimensions of the screen are 21.7 
X 28.8 cm, the corners being rounded with a radius of 5.5 cm.
The glass face of the tube has a neutral grey colour, which results in improved 
picture contrast, particularly under conditions cf ambient illumination. In 
a tube with a clear glass face, ambient light is reflected also from dark parts 
of the picture, so that the contrast is reduced. In the grey glass face used in 
the MW 36-44, however, 33% of the light is lost during transmission. This 
is, of course, also the case for the light emitted by the fluorescent screen, 
but the ambient light must pass the tinted glass face twice, resulting in a
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reduction of the intensity of 50%. The loss of contrast under ambient illu­
mination is therefore much smaller with a tube having a grey glass face than 
with one having a faceplate made of clear glass.
The MW 36-44 is designed for magnetic focusing and deflection of the elec­
tron beam. The deflection angle corresponding to the full width of the screen 
is 65°. The large deflection angle has made it possible to reduce the total 
length of the tube, so that a cabinet having a comparatively shallow depth 
can be used.
A large part of the outside of the cone is covered by a conductive coating, 
which should be connected to the chassis of the receiver. This coating 
screens the tube against external electrostatic fields, whilst electromagnetic 
radiation by the electron beam is reduced. The capacitance between this 
outer coating and a conductive layer connected to the anode on the inside 
of the cone can be used as reservoir capacitor for the E.H.T. supply.
The most outstanding feature of this tube is that it incorporates an electron 
optical system of novel design, with which very uniform picture quality 
over the entire screen area can be obtained. For this purpose an additional 
electrode preceding the anode has been built in, so that the entire gun now 
comprises a heater-cathode assembly, a first grid for modulating the intensity 
of the electron beam, a second grid, a third grid and an anode.
With the potential on the third grid (g3) the width of the electron beam 
can be varied. When this electrode is connected to the cathode a very small 
beamwidth is obtained, the width of the beam increasing with increasing 
positive potential on the third grid (see Fig. 2). Compared with a picture 
tube having an electron gun of earlier construction, i.e. without g3, the beam­
width of the MW 36-44 is 12% smaller when g3 has a positive potential of 
400 V and 50% smaller when this electrode is connected to the cathode. 
The beamwidth as shown in Fig. 2 has been measured on the screen, without 
focusing and deflection fields being applied.
Fig. 2 also shows the relative diameter of the focused luminous spot on the 
centre of the screen, plotted against the potential on the third grid. For this 
measurement use has been made of a point raster and it is seen that the dia­
meter of the spot decreases with increasing potential on g3, i.e. with increasing 
beamwidth.
When in a conventional tube the picture is focused on the centre of the 
screen it may be observed that the definition gradually decreases towards 
the corners of the screen. This is caused by a variation in beam length 
when the beam is deflected across the screen, so that in the corners the 
point at which the beam has the smallest diameter no longer coincides with 
the screen surface and by the non uniformity of the deflecting field. A 
considerable improvement can be obtained in this respect by decreasing 
the beamwidth, but according to Fig. 2 this would lead to a loss of definition 
in the centre of the picture. In the MW 36-24, however, the electron gun 
has been so designed that, compared with previous picture tubes, the dia­
meter of the spot in the centre of the picture is decreased, provided the same 
beamwidth is used. It is then possible to decrease the beamwidth by means 
of g3 and to maintain ample definition in the centre of the screen. At the 
same time deflection defocusing is reduced, so that a picture of substantially 
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uniform definition is obtained over the entire screen area. This effect is 
most pronounced when the third grid is connected to the cathode. When, 
however, very high definition is required in the centre of the screen the 
third grid may be given a positive potential of, for example, 250 V. In the 
latter case, of course, deflection defocusing becomes again noticeable.

Fig. 2 
Beamwidth (db) measur­
ed on the screen and re­
lative spot diameter (ds ) 
plotted against the 
third-grid potential, 
with the second-grid 
potential as parameter. 
The beamwidth is 
measured without focus­
ing and deflection fields.

It is thus seen that with the MW 36-44 it is possible to choose between 
uniform picture quality with ample definition over the entire screen area, 
and a very high definition in the centre which gradually decreases towards 
the corners. According to particular requirements any compromise between 
these two adjustments can be obtained by choosing the potential at g3.
From the description given above it may be deduced that the third grid 
exerts a prefocusing action on the electron beam, so that when the beam 
enters the main magnetic focusing field the divergence is smaller than in the 
case of former electron gun constructions. This means that the magnetic 
field required for focusing the beam on the screen is slightly smaller. For 
focusing and deflection the unit AT 1002 can be used.
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As already indicated, the MW 36-44 is provided with an ion-trap which 
prevents the occurrence of ion burn on the screen. This ion trap is of the 
bent-gun type and an external magnet, Type 55402, giving a field strength 
of 60 gauss is required. The cathode of a picture tube emits not only electrons 
but also a beam of negative ions. These ions have a very much greater mass 
than the electrons and are far less sensitive to magnetic deflection fields. 
The result is that in a conventional picture tube without ion trap the centre 
of the screen is continually subjected to bombardment by the heavy ions, 
and this eventually leads to discoloration of that part of the screen. In the 
MW 36-44 both the electron and the ion beams leave the cathode at a small 
angle to the tube axis. On the neck of the tube, at a position to be indicated 
later, is placed a small magnet. Since the electron beam is very sensitive 
to a magnetic field it is deflected along the axis of the tube and passes 
normally to the screen. The ions, however, which are far less sensitive to 
any magnetic field, are not deflected to any appreciable extent, and thus 
continue on a line at an angle to the tube axis and are finally captured 
by the anode. In this way the ions are prevented from reaching the screen. 
The following procedure should be adopted for adjusting the position of 
the magnet:

1. With the voltage supplies 
removed; slip the magnet 
over the tube base with 
the arrow pointing away 
from the screen, see Fig. 3. 
The magnet should be in 
line with the vacant po­
sition for pin Nr. 9 (see 
Fig. 5). Adjust the magnet 
so that it is only slightly 
in advance of the tube base.

to the tube switched off and the base socket

Fig. 3
Position of the ion-trap magnet on the 

neck of the picture tube.

2. Fit the socket to the tube. Switch on the voltage supplies and adjust 
the brightness control and, if necessary, the position of the magnet until 
the raster is just visible. The adjustment is best carried out with a 
stationary test pattern on the screen.

3. Move the magnet towards the screen, without rotating it around the 
tube axis, until the focused raster attains maximum brightness. The 
brightness may now be adjusted to give the correct level for the peak 
white portions of the image and, if necessary, the position of the magnet 
should be slightly readjusted to obtain maximum brilliance.

4. If the raster cannot be centered by adjusting the position of the focus 
field, the magnet should now be rotated slightly in order to assist in 
centering, provided that this does not cause any decrease in brilliance.

5. When optimum conditions are obtained, the magnet should be clamped 
in position by means of the thumb screw, taking care not to alter the 
position of the magnet.

6. If a position of adequate brilliance cannot be obtained another magnet 
should be tried.
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Notes

a. The ion trap magnet must always be in the position which gives maximum 
picture brightness.

b. The magnet should never be adjusted to remove a shadow from the raster 
if by so doing the brightness of the image is decreased. In such cases the 
shadow should be eliminated by adjusting the position of the focusing 
coil and/or deflection coils.

c. Incorrect adjustment of the magnet may result in the production of 
circular areas of discoloration on the screen, even though the negative 
ions have been efficiently trapped. This is due to bombardment of the 
edge of the aperture of the anode by the incorrectly centred electron 
beam, as a result of which the metal of the diaphragm is vaporized and 
deposited on the screen.

d. Finally, the ion trap magnet should be handled with reasonable care, 
because if it is subjected to very strong magnetic fields or mechanical 
shocks its magnetism may be partially lost.

Application

The installation of a tube having large dimensions and operating with a 
high supply voltage calls for a few special precautions which will be briefly 
discussed in the following paragraphs. Other important points in connection 
with the use of a picture tube are the generation of sawtooth currents for 
the deflection, and the E.H.T. supply. Circuits for deflection and E.H.T. 
are, however, discussed in the descriptions of the ECL 80, the PL 82 and 
the PL 81.
In designing a receiver cabinet in which the MW 36-44 is to be used it should 
be borne in mind that the main support of the tube should be placed around 
the large end of the cone close to the tube face. In order to avoid local strain 
on the glass the support should be lined on the inside with a soft flexible 
material such as felt, rubber or plastic.
The neck of the tube must be supported by the deflection yoke, which 
should therefore have an independent support on the receiver chassis. The 
deflection and focusing coil assembly should never be supported by the 
neck of the tube, as this may lead to breakage when the receiver is subjected 
to shocks. The tube socket should be allowed to move freely and flexible 
leads should be used for the wiring.
The reference line indicated in the demensional drawing, Fig. 5, is determined 
by the upper edge of the reference line gauge, the dimensions of which are 
given in Fig. 6. Various dimensions are given in Fig. 5 with the reference 
line as the datum line. In order to prevent the electron beam from being 
intercepted at maximum deflection by the neck of the tube, the distance 
between the reference line and the centre of deflection must be kept below 
29 mm. Correct location of the deflection coils can therefore be ensured 
most conveniently by giving the inside contour of the yoke the same dimen­
sions and shape as that of the reference line gauge.
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The total length of the deflection and focusing assembly may not exceed 
a certain value (see note 3 in Fig. 5), as otherwise the space available for 
the adjustment of the ion-trap magnet would be too small.
Adequate provision should be made to hold the deflection yoke firmly 
against the cone of the tube, but it should be possible to rotate the yoke 
over a few degrees around the tube axis for registering the raster on the 
screen.
As with all other picture tubes for television, the MW 36-44 is highly eva­
cuated and may, in the event of breakage, result in injury from splintered 
glass. The tube should therefore be handled with the utmost care and not 
be subjected to shocks or vibration. In this connection it is advisable to 
use a shatter-proof, transparent cover in the receiver cabinet in front of 
the screen and to provide sufficient distance between screen and cover to 
obtain air cushioning.
High voltages are used to operate this tube. The utmost care should therefore 
be exercised to avoid accidental contact with terminals and leads carrying 
a high potential. These should be adequately insulated. The external con­
ductive coating must be connected to the chassis, otherwise it may attain 
a high potential and become a source of danger. For this reason it is not 
permissible to use this tube as a replacement for an uncoated tube unless 
provision is made to connect the coating to the chassis. Contact between 
the coating and chassis can conveniently be made by means of a resilient 
strip mounted on the chassis and resting with a slight pressure against the 
cone of the tube.
The driving voltage for the MW 36-44 may be applied either to the cathode 
or to the grid. When driving on the grid the circuit design should be such 
that the instantaneous potential of the grid with respect to the cathode 
remains between the limits of + 2 V and —150 V. The external impedance 
between grid and cathode must not exceed 0.5 MG. Cathode drive may 
also be used, when an additional limiting factor is the maximum permissible 
voltage between heater and cathode. During the warming-up period, not 
exceeding 45 seconds, the maximum permissible voltage is 410 V, provided 
the heater- the cathode is positive with respect to the heater. During normal 
operation cathode voltage must not exceed 200 V, again when the cathode 
is positive with respect to the heater. When the cathode is negative with 
respect to the heater the maximum permissible voltage is 125 V. In order 
to avoid hum, the A.C. component of should be kept as low as possible 
and must not exceed 20 Vrms.
With grid drive, indirect coupling with the preceding video stage is normally 
employed and this necessitates the use of a D.C. restorer circuit between 
the grid and earth. A positive bias voltage for the cathode can then be taken 
from the high-tension supply line of the receiver. This bias voltage should 
be variable to form the brightness control.
In the alternative arrangement the video signal is applied to the cathode 
and direct coupling with the video stage can then be used provided the 
high-tension line voltage is not too high. In a receiver with a transformerless 
supply system the high-tension is usually not more than 180 V but in a re­
ceiver with mains transformer it may be 250 V. In the latter case a potentio­
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meter is required between the cathode of the picture tube and the anode 
of the video stage in order to prevent the maximum permissible heater­
cathode voltage from being exceeded. The voltage for the bias and brightness 
control should be applied to the grid and, as in the case of grid drive, this 
voltage can be taken from a potentiometer across the high-tension supply. 
It should be realised that the type of drive used considerably influences 
the design of the video stage and the detector stage. In the case of grid 
drive the synchronizing signals must be negative-going and for cathode drive 
positive-going.
In a receiver circuit where the cathode is positive with respect to the chassis 
and where only a low high-tension line voltage is available, as in a receiver 
with a transformerless supply system, the second-grid voltage may be taken 
from a potentiometer across the boosted high tension in the line-output 
circuit.
The axial magnetic field for focusing the electron beam on the screen may 
be obtained from a permanent magnet, an electro magnetic coil or a com­
bination of these two. The focus can be adjusted by varying the direct current 
through the focusing coil. If a permanent magnet is used, focusing adjust­
ment can be either by adjusting the air gap, or by obtaining part of the 
focusing field from a coil, the current in which can be varied. The focusing 
field required is approximately proportional to the square root of the anode 
voltage, so that an adequate range of current variation should be provided 
to cover variations in the anode voltage.
In a practical arrangement the focus coil will be mechanically fixed to the 
deflection yoke, the position of which is determined by the reference line. 
Owing to inevitable tolerances in the length of the neck of the picture 
tube (± 4 mm) it is advisable to make provision for displacing the focusing 
coil axially, so as to obtain optimum focusing over the entire picture area. 
Interaction between the fields of the focusing coil and of the deflection 
coils and the ion-trap magnet should be avoided by adequate spacing of 
these parts. In a practical deflection and focusing coil assembly a metal 
end plate is often used, carrying the screws for adjusting the position of 
the focusing coil. If a steel plate is used for this purpose the distance between 
this plate and the ion-trap magnet should be sufficiently great not to distort 
the magnetic field of the latter. It is therefore advisable to use an end plate 
made of a non-magnetic material such as brass. Since a definite space is 
required for adjusting the ion-trap magnet the total length of the deflection 
and focusing coil assembly measured from the reference line should not exceed 
the value indicated in the dimensional drawing.
The current required for correct focusing also depends upon the beam cur­
rent. As the beam current increases a higher focusing current is required 
to maintain correct focus. It is quite impracticable in a normal design to 
modulate the focusing current in sympathy with the beam current but with 
increasing beam current a reduction in anode voltage produces the same 
result. The inherent regulation of the E.H.T. source should therefore be 
such that the anode voltage varies with the beam current. An internal 
resistance of about 1 Mil will provide reasonable compensation. In practice 
it will be difficult to attain such a low internal resistance, so that there will 
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normally be some overcompensation. Due to the time constant of the filter 
circuit of the E.H.T. supply, this type of compensation is effective only 
for slow changes in picture brightness.
Means for centering the picture on the tube screen must be provided to 
compensate for small alignment errors and for non-linearity of the deflection. 
Two methods of centering are available. One is to apply adjustable direct 
currents to the deflection coils, but this involves a more complicated and 
expensive circuit, whilst with low-impedance coils a comparatively large 
current would be required. The alternative, and less expensive, method is 
to vary the angle between the axis of the focusing coil and the axis of the 
tube, thus altering the pcsition cf the raster. A similar method, which is 
more favourable with regard to spot resolution, consists in moving the fo­
cusing coil or magnet radially.
As in all ether picture tubes a stationary, high-intensity spot will eventually 
burn the screen. Failure of the deflection circuits may therefore result in 
damage to the screen, unless provisicn is made to reduce the beam current 
automatically when the scanning fields are no longer present. A circuit 
arrangement in which the E.H.T. is obtained from the line flyback is partic­
ularly useful in this respect, since the anode voltage drops to zero when 
the line-output circuit ceases to function. A stationary horizontal line, 
which would occur upon failure of the vertical deflection, is far less serious 
than a stationary spot.
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DATA OF THE MW 36-44

Heater data

Heating: indirect by A.C. or D.C.; series or parallel supply 
Heater voltage.......................... Vj = 6.3 V
Heater current..........................Ij = 0.3 A
When the tube is used in a series heater chain, the heater voltage must not 
exceed 9.5 V when the set is switched on.

Capacitances (measured on the cold tube)

Grid to all other electrodes . Cgl 
Cathode to all other electrodes Ck 
Between anode and external

coating...........................................Cam

7 pF
5 pF

1100 pF

Focusing and deflection

Focus method......................................... magnetic
Deflection method.................................... magnetic
Deflection angle for full screen width 65°
Ion trap single-field ion­

trap magnet, 
Type 55402; field 
strength approx. 
60 gauss. Fig. 4 

Mounting of the MW 
36-44. The tube must 
be so mounted that 
the centre of the 
screen does not fall 
within the shaded 
area of the circle. 
Vertical and near 
vertical positions of 
the tube with the 
tube face down are 
therefore not per­

missible.

Screen data

Colour of fluorescence.......................... white
Colour temperature............................... 7500 °K
Minimum useful screen diagonal . . . 318 mm
Minimum useful screen width . . . 288 mm
Minimum useful screen height . . . 217 mm
Transmission of faceplate.................... 66/4

Net weight................................................... 4.2 kg

Typical operating conditions

Anode voltage..........................
Second-grid voltage . . . . 
Grid bias for visual extinction
Third-grid voltage ....
Number of ampere-turns for 

focusing coil...................... 
(Coil without ferro-magnetic 
field and reference line, 78 mm).

kV 
V
V
V

Va 12 14
Voi 250 250
Vgi —33 to —72

Vgs 0 250 0 250

960 1015 1025 1090
casing. Distance between centre of the

60



MW 36-44

Kg- 5
Electrode connections and dimensions of the MW 36-44.
The notes in the drawing have the following meanings:

1) Reference line is determined by the plane of the upper edge of the reference 
line gauge (Fig. 6) when this is resting on the cone.

2) The distance from the deflection centre to the reference line should not 
exceed 29 mm.

3) Space available for the deflection and focusing assembly.
4) Space for the ion-trap magnet.
5) Distance from reference line to top centre of grid.
6) Ion-trap magnet.
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Limiting values

Anode voltage.........................

Positive voltage at third grid. 
Negative voltage at third grid 
Second-grid voltage . . . .
Negative grid voltage
Positive grid voltage . . . .
Peak positive grid voltage .
Screen dissipation....................
External impedance for mains 

frequency between grid and 
cathode ..........................

External resistance between 
grid and cathode . . . .

External resistance between 
heater and cathode ....

va — max. 14 kV
va — min. 7 kV
Vg3 = max. 410 V
-Vg3 = max. 100 V

= max. 410 V1)
-Vgl — max. 150 V
Vgi — max. 0 V
Vglv = max. 2 V
Wt = max. 6 w

V'n = max. 0.5 Mil

Rgi = max. 1.5 Mil

Rfk max. 20 kil

Fig. 6 
Dimensions in mm of the reference line gauge. The deflection coils must not 

extend into the shaded area.

Heater-cathode voltage

During warming-up period not 
exceeding 45 seconds, cathode 
positive with respect to heater V = max. 410 V

*) In order to ensure good picture definition F02 should not be chosen lower 
than 200 V.
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After the warming-up period, 
cathode positive with respect
to heater............................... Vik
cathode negative with respect
to heater............................... Vik

= max. 200 V2)

= max. 125 V2)

The inherent regulation of the power supply should be such that the conti­
nuous short-circuit current does not exceed 5 mA.
If the supply to any of the electrodes permits the instantaneous short-circuit 
current to exceed 1 A, or is capable of storing more than 250 gC, the effective 
resistance between that electrode and the output capacitor should be as 
follows:

Fig. 7
Beam current plotted against negative grid 
voltage with the second-grid potential as para­

meter.

2) In order to avoid hum, the A.C. component of Vfk should be kept as low 
as possible and must not exceed 20 Vrms-
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Grid circuit resistance . . . Rgl = min. 150 Q
Second grid circuit resistance . Rg2 = min. 470 Q

Brightness plotted against beam current per square cm screen area with the
anode potential as parameter.

Fig. 9 
Spectral energy emission characteristic of the screen.

3) If the E.H.T. is obtained from a low-frequency source, for example 50 c/s, 
a higher value of output capacitance than that provided by the tube will 
be required. An external output capacitor, of which the charge will normally 
be more than 250 (zC, will have to be used in this case and a limiting resistor 
should then be included between this capacitor and the anode terminal.
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The direct viewing picture MW 36-24

The picture tube MW 36-24 is very similar to the MW 36-44 described 
previously. The data are practically identical and it is therefore sufficient 
to deal here with a few important differences.
The MW 36-24 is not provided with a third grid, which has been incorporated 
in the MW 36-44 to obtain a narrow electron beam. The base pins 6 and 7 
are, therefore, missing on the MW 36-24 base, all other connections being 
identical to those of the MW 36-44.
The MW 36-24 has a coloured line along the tube neck, for indicating the 
required position of the ion-trap magnet. The instructions for adjusting the 
ion-trap magnet are identical to those for the MW 36-44 with the exception 
of point 1), which reads for the MW 36-24:
Slip the ion-trap magnet gently over the tube base, taking care that the 
arrow marked on the magnet points towards the screen and is immediately 
over the line marked on the neck of the tube. Adjust the magnet so that 
is is only slightly in advance of the tube base.
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The direct viewing picture tube MW 43-43

Description

Compared with the MW 36-44 the MW 43-43 shows a few important diffe­
rences, which will be dealt with here. Apart from these differences the general 
application notes given with the MW 36-44 also apply for the MW 43-43. 
One of the most conspicious features of the MW 43-43 is that is has a large 
rectangular screen (useful screen area 27.2 X 36.5 cm). The glass face is 
tinted, giving improved picture contrast, and in addition to the corners 
the sides of the screen are also slightly rounded. The MW 43-43 has a metal 
cone, which has the important advantage that the weight is small for a 
tube of these dimensions.
The use of a metal cone has some influence upon the design of the E.H.T. 
circuit. Since a capacitance between internal and external coating is not 
available with the MW 43-43, it is necessary to use a separate reservoir 
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capacitor, which should have a working voltage rating of approx. 18 kV 
to provide sufficient safety margin at the supply voltages with which the 
tube will normally be used. With a metal cone the risk of accidental contact 
is, of course, comparatively great and in this connection it is advisable to 
choose a reservoir capacitor smaller than 750 pF. With the receiver switched 
off it is always wise to earth the cone before touching it.
The metal cone must not come in contact with a magnet, by which it would 
become permanently magnetized. A magnetized cone results in picture dis­
tortion, particularly at the corners.
During normal operation the cone, which is connected to the anode, carries 
a high potential with respect to the chassis. The supporting mask must 
therefore be sufficiently insulated to withstand the high voltage. A special 
mask (Type 55404) is available for the MW 43-43.
The MW 43-43 has the same electrode system as the MW 36-44, with which 
a very uniform picture quality can be obtained over the entire screen area. 
The instructions for adjusting the ion-trap magnet are also identical.

PROVISIONAL DATA OF THE MW 43-43

Heater data

Heating: indirect by A.C. or D.C.; series or parallel supply
Heater voltage......................... Vf = 6.3 V
Heater current......................... If = 0.3 A
When the heater is included in a series chain, the heater voltage must not 
exceed 9.5 V during the heating-up period.

Capacitances (measured on the cold tube)

Grid No. 1 to all other electrodes Cgx 
Cathode to all other electrodes. Gk

7 pF
5 pF

Focusing and deflection

Focusing method.........................
Deflection method....................
Deflection angle for full screen 

width .....................................
Deflection angle for diagonal .
Ion trap....................................

magnetic 
magnetic

66°
70°
single-field ion-trap 
magnet, Type 
55402; field 
strength approx. 
60 gauss.
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Fig. 2 
Dimensional outline of the MW 43-43 (dimensions in mm).

Notes:
1) Reference line; determined by the plane of the upper edge of the reference 

line gauge (Fig. 4) when this is resting on the dome.
2) The distance from the reference line to the deflection centre should not 

exceed 29 mm.
3) Space for deflection and focusing unit.
4) Space for the ion-trap magnet.
5) Distance from reference line to top centre of first grid.
6) Support large end of cone only at corners within this space.
7) In this region the angular variation around the periphery of the cone 

is 0-25°.
8) Anode contact area. Contact can for example be made by means of a 

resilient metal strip on which the cone rests.
9) Ion-trap magnet.
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Fig. 3
Mounting position of the MW 43-43. The tube 
must be mounted in such a way that the centre 
of the face does not fall within the shaded 
area of the circle. Vertical and near vertical 
positions of the tube with the face down are 

therefore not permissible.

Screen data

Colour of fluorescence ....
Colour temperature . . . .
Minimum useful diagonal .
Minimum useful width ....
Minimum useful height .
Transmission of faceplate

Net weight........................................

Reference line gauge (dimensions in mm). The 
deflection coils may not extend into the shaded 

area.

Typical operating conditions

Anode voltage.......................... Va
Voltage on second grid . . . Vg2

white
7500 °K

388 mm
365 mm
272 mm

66 %

4.5 kg

14 kV
300 V
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Grid bias for visual extinction .
Voltage on third grid .... 
Number of ampere-turns for fo­

cusing ................................

Vgi

Vg3 =

—40 to —86 V
0 250 V

1015 1065 i)

Limiting values

Anode voltage.......................... Va = max. 16 kV
Va = min. 10 kV

Voltage on third grid .... + Vg3 = max. 410 V
-Vg3 = max. 100 V

Voltage on second grid . Vg2 = max. 410 V

Negative bias voltage on first
Vg2 = min. 200 V

grid......................................... = max. 150 V
Positive bias voltage on first grid 
Peak positive voltage on first

Vgi = max. 0 V

grid......................................... Vglp = max. 2 V
Screen dissipation....................
External resistance between first

Wl = max. 6 W

grid and cathode................  
External impedance for mains 

frequency between first grid

Rgl = max. 1.5 MO

and cathode..........................
External resistance between

Vgi = max. 0.5 Mil

heater and cathode .... Rfk = max. 20 k£2

Voltage between heater and cathode

I Cathode positive with respect
to heater
a) During heating-up period,

not exceeding 45 sec . . V jkv = max. 410 V
b) After heating-up period . Vtk = max. 200 V2)

II Cathode negative with respect
to heater......................... V !k = max. 125 V2)

The inherent regulation of the power supply should be such that the con­
tinuous short-circuit current does not exceed 5 mA. If the supply to any 
of the electrodes permits the instantaneous short-circuit current to exceed

x) Coil without ferromagnetic casing. Distance between centre of field and 
reference line, 78 mm. Anode current 40 ¡zA.
2) In order to avoid modulation of the electron beam by the mains voltage, 
the A.C. component of Vfk should be kept as low as possible and must not 
exceed 20 Vrms-
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1 A, or is capable of storing more than 250 ¡zC, the effective resistance be­
tween that electrode and the output capacitor should be as follows:

Grid No. 1 circuit resistance Rgl 
Grid No. 2 circuit resistance Rgi 
Grid No. 3 circuit resistance Rg3 
Anode-circuit resistance Ra

= min. 150 Q 
= min. 470 £1 
= min. 470 £1 
= min. 16 k£l

Beam current plotted against the first-grid 
voltage with the second-grid potential as

parameter.
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Fig. 6
Brightness plotted against the beam current 

for anode potentials of 10
per square cm screen area, 
and 14 kV.

Spectral energy emission characte­
ristic of the screen.
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Instructions for the installation

A special mask Type 55404 is available for supporting the MW 43-43 at 
the large end of the cone. The dimensions of this mask are given in fig. 8. 
As all other picture tubes the MW 43-43 is highly evacuated and may, 
upon breakage, result in injury from flying glass fragments. Care should 
therefore be taken not to strike or scratch the tube and to avoid undue 
pressure, when installing it or removing it from the receiver. In this connection 
the use of a shatter-proof cover in front of the tube face is recommended. 
It should be borne in mind that any not highly insulated material in contact 
with the tube face may result in local picture distortion.
The tube should only be handled by neck and metal cone, or preferably 
by its metal cone only. The glass section between metal cone and neck 
should not be touched, because fingerprints may spoil its insulating proper­
ties. This section should, for the same reason, also be kept free from excessive 
accumulation of dust.

Fig. 8 
Dimensions in mm of the mask Type 55404.
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The output pentode PL 82
Description

Fig. 1
The output pentode PL 82 (about ac­

tual size).

The PL 82 is an output pentode 
on Noval base intended for use 
as audio output or as frame out­
put valve in television receivers. 
Special attention has been paid 
to the mechanical design so as 
to produce a robust and rigid 
assembly which minimizes the 
risk of microphony.
There are a number of cases in 
which the audio output of the 
pentode section of an ECL 80 
will be considered insufficient. 
The PL 82, giving an output of 
4 W at 10 % total distortion 
and at anode and screen-grid 
voltages of 170 V, may then be 
used. Although the PL 82 has 
no extra triode section, which 
could be used as A.F. voltage 
amplifier, this is no real disad­
vantage when an E Q 80 enneode 
is used for F.M. detection. If a 
sufficiently high supply voltage 
is available (boosted H.T. supply 
from line-output circuit) the 
latter valve gives an output volt­
age large enough for driving a 
PL- 82 pentode without pream­
plification. A separate descrip­
tion of the EQ 80 is not given 
in this book, but is included in 
book IHA of this series. In the 

second chapter of this book, however, the application of this valve is dis­
cussed in the description of a circuit for intercarrier sound reception.
Also for the frame-output stage two different valve types are available. 
With the ECL 80 the pentode section can be used as output valve and the 
triode as blocking oscillator. According to the circuit in which the valve is 
used it may, however, occur that the pentode section is not capable of pro­
viding a sufficiently large peak anode current for obtaining the required 
picture height. This may be the case when a picture tube with wide-angle 
deflection operating at a high E.H.T. is used. The PL 82 which can provide 
a peak anode current three to four times as large as that of the ECL 80 
may then be used.
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Application

1. The PL 82 as sound output valve

As already indicated above, at a line voltage of 170 V the PL 82 is capable 
of giving an output of 4 W at 10 % total distortion and with a matching 
resistance of 3 kil The driving voltage required for this output is 6 Vrms 
and the bias 10.4 V. Either fixed or automatic bias may be applied. Auto­
matic bias has the advantage that a higher value of control-grid resistor 
is permitted, which may increase the gain of the preceding stage. A dis­
advantage connected with automatic bias, however, is that, due to the voltage 
drop in the cathode resistor, the voltage between anode and cathode is 
somewhat reduced, and this also reduces the available output.
At a line voltage of 200 V the output of the PL 82 is about the same as that 
at 170 V, although the operating conditions are somewhat different. These 
conditions are to be found in the valve data,

2, The PL 82 as frame output valve

The PL 82 can deliver a large peak anode current at comparatively low 
anode and screen-grid voltages. In order to avoid incursion into the knee 
of the Iaf Va characteristic, the frame output stage is normally so designed 
that the minimum anode voltage at the end of the scan does not fall below 
50 V. From the valve characteristics it may be seen that with a screen-grid 
voltage of 170 V and an anode voltage of 50 V the anode current of the 
average valve can greatly exceed 100 mA. In order to allow for inevitable 
spread between individual valves and for deterioration during life, the cir­
cuit should, however, be designed around a peak anode current not exceeding 
90 mA at Va = 50 V and Vg2 = 170 V.
In the design of a frame output stage a choice must be made between an 
output transformer of small dimensions, which leads to a large peak anode 
current, and a larger output transformer, with which the peak anode current 
will be lower. Since there are also other important factors to be taken into 
account, the choice of the output transformer will be dealt with at some 
length.
The deflection coils used for vertical deflection have resistance and self­
inductance, but the rate of change of the deflection current is so low that 
the voltage occurring across the self-inductance is negligible compared with 
that across the resistance. It may therefore be assumed that the matching 
transformer is loaded with a pure resistance, Rd; see Fig. 2.
If it is now assumed that the operating conditions are such that a linear 
saw-tooth current having a peak-to-peak value Id flows in the deflection 
coils, the saw-tooth current in the primary will be I^jn, whilst a linear saw­
tooth voltage occurs across the primary self-inductance Lp. Due to this 
saw-tooth voltage a current having a parabolic shape is added to the saw­
tooth current in the primary. The relative magnitude of this parabolic com­
ponent depends upon the ratio between the primary self-inductance and 
the load resistance transformed to the primary, and also upon the funda­
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mental frequency of the saw-tooth current. It 
will be understood that a relatively low primary 
self-inductance, as with a transformer of small di­
mensions, causes a relatively large parabolic 
component, which considerably influences the 
shape of the total anode current. In the other 
extreme case of a very high primary self-induct­
ance, involving a transformer of large dimen­
sions, the parabolic component becomes very small 
and the total anode current has a linear shape.
The shape of the total anode current required 

■»%
Fig. 2

Basic diagram of a 
frame output stage.

to give a linear saw-tooth current in the deflec­
tion coils is depicted in Fig. 3 for different values of TJT, in which T, = 
Lvjn2 (Rd + RJ and T the duration of the frame scan. Rs is the resistance 
of the transformer secondary.
It appears from this figure that with TJT = 0.1 the parabolic component 

Fig 3.
Shape of the total anode current 
required to give a linear deflection 
current, for different values of 

TJT.

assumes a very high value, resulting 
in a considerable distortion of the 
total anode current and a high value 
of the required peak anode current. 
Another important disadvantage is 
that the minimum in anode current 
occurs quite a considerable time after 
the commencement of the scan. In 
Fig. 3 it is assumed that the minimum 
value of the anode current is just 
zero, which is, of course, most econo­
mical as regards current consumption. 
At minimum anode current the valve 
characteristic shows a strong curva­
ture and it is consequently difficult to 
distort the driving voltage in such 
a way that the required shape of ano­
de current is obtained. Non-linearity 
of the frame scan is therefore apt to oc­
cur at about 0.4 of the total picture 
height, and this is very annoying. A 
higher value of TJT should therefore 
be employed and this involves a higher 
value for the primary self-inductance. 
With TJT = 0.29 the shape of the 
total anode current is much more fa­
vourable but the minimum in anode 
current still occurs at 0.2 of the total 
picture height. It can be shown that 
with this value of TJT the average 
anode current is a minimum.
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Finally, with. TJT = 0.5 the minimum in anode current coincides with the 
commencement of the scan, which consequently is the most favourable 
situation. Moreover, it is seen that the shape of the anode current closely 
resembles that of the Iaj Vg characteristic of the valve, so that the problem 
of obtaining a driving voltage of the required shape is considerably sim­
plified. With this value of TJT the required peak anode current reaches 
the minimum. A further increase of TJT, i.e. a higher value for Lp, does 
not decrease the required peak anode current and, although the total anode 
current assumes a more li­
near shape, the required aver­
age anode current becomes 
higher.
The two important charac­
teristics of the anode cur­
rent, viz. the average anode 
current Ia mea and the peak 
anode current Iao, are plot­
ted in Fig. 4 against the value 
of TJT. It may be seen that 
with TJT = 0.29 the average 
anode current is a minimum 
and equal to 0.29 Idjn. At 
TJT = 0.5 the peak anode 
current has reached the mi­
nimum, which is Idfn. In 
this case the average cur­
rent is only slightly higher 
than that with TJT = 0.29. 
By way of example an out­
put transformer for use in

Fig. 4
Peak anode current and average anode 

current plotted against TJT.

conjunction with the PL 82 will now be calculated. The influence of the
stray self-inductance will be disregarded, and the following practical fig­
ures have been chosen:

Supply voltage.......................... vb — 170 V
Resistance of the deflection coils Rd 50 £2
Self-inductance of the deflection

coils......................................... Ld — 50 mH
Deflection current peak-to-peak Id — 350 mA
Frame frequency.................... 1/T = 50 c/s

In view of the maximum permissible drop of the anode voltage below the 
H.T. line the turns ratio of the transformer must first be calculated. Assum­
ing that the secondary has a resistance Rs of 15 £2, the drop occurring 
at the end of the scan across the primary self-inductance is: ^Id n(RdfoRs) 
= 11.4 n. In order to avoid incursion in the knee of the IJ Va charac­
teristic, and to make allowance for some additional voltage drop caused 
by the primary resistance and the self-inductance of the deflection coils, 
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the above-mentioned drop must not be chosen too high, a suitable value 
in this case being 80 V. The turns ratio will therefore be 80/11.4 = 7.
It must now be checked whether the additional drop, caused by the re­
sistance of the primary and the self-inductance of the deflection coils, does 
not bring the momentary anode voltage below 50 V. In this example a 
drop of 40 V is still permissible. If the primary self-inductance is so chosen 
that T^T = 0.5 (see Figs. 3 and 4), the peak anode current occurring at 
the end of the scan becomes: Iao = I^n = 50 mA. If it is assumed that 
the primary resistance will be 500 Q, the maximum drop due to this resist­
ance will be 25 V. Owing to the self-inductance of the deflection coils a 
constant voltage drop occurs during the scan across the primary. When 
the saw-tooth current is linear this amounts to n.Ld.Id/T. Disregarding 
the duration of the flyback, for a system operating with 50 frames per second 
the duration of the scan T = 0.02 sec. This gives for the drop due to the 
self-inductance of the deflection coils, 7 X 0.05 X 0.350/0.02 = 6.1 V.
The total drop below the H.T. line now is 80 + 25 + 6 = 111 V, so that 
the minimum anode voltage at the end of the scan becomes 59 V, which is 
a sufficiently high value. In fact the anode voltage may be allowed to become 
as low as 50 V, but it should be realized that in determining Zamed and Iao 
the minimum momentary anode current has been assumed to be zero. 
This condition can hardly be fulfilled in normal practice and the minimum 
value of the anode current will actually be 1 or 2 mA. This will result in 
a slightly higher drop in the resistance of the primary winding. As a final 
check the total voltage drop should again be calculated when the actual 
resistances of the primary and the secondary are known.
Finally, the required primary self-inductance must be calculated. It has 
been assumed that T^T = 0.5, so that with T = 0.02 the value of T, be­
comes T, = 0.01 = Lpjn2 (Rd + Rs), and 1% = 72 X (50 + 15) x 0.01 
= 32 H.

Summarizing, the transformer data are as follows:

Primary self-inductance . 32 H
Turns ratio............................... 7 : 1
Resistance of the primary . 500 G
Resistance of the secondary . 15 Q
Direct current in the primary 

(see Fig. 4).......................... (16.5 + 2) mA

From the valve characteristics it may be seen that when the screen-grid 
voltage is 170 V a bias of about 16 V is required. If this bias is obtained 
automatically by means of a cathode resistor the available supply voltage 
will be reduced by an amount equal to the cathode voltage. This might well 
bring the momentary anode voltage below the permissible level but, on the 
other hand, in most television receivers operating with a transformerless 
supply system from the 220 V mains the available H.T. line voltage is 
somewhat higher than 170 V, for example 190 V.
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The driving voltage for the tube must have a shape that gives the required 
form of anode current. According to the shape of the available saw-tooth 
voltage and the figure of T^T, provision has to be made for obtaining the 
required shape of driving voltage. The means employed for this are given 
in the application notes of the ECL 80.
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DATA OF THE PL 82

Heater data

Heating: indirect by A.C. or D.C.; series supply 
Heater voltage......................... Vf = 16.5 V
Heater current......................... If = 0.3 A

Capacitances (measured on the cold valve)

Input capacitance.................... Cgl
Output capacitance..................... Ca
Capacitance between anode and 

control grid............................ Cagl
Capacitance between control grid 

and heater................................. Cglf

11 pF
8.3 pF

1 pF

0.15 pF

Fig. 5
Base connections and dimensions of the

max22

PL 82.

Typical characteristics

Supply voltage.......................... vb = 170 200 V
Anode voltage.......................... va — 170 200 V
Screen-grid voltage...................... Vg2 — 170 V
Screen-grid resistor...................... Rg2 — 680 Q
Control-grid voltage .... Vgi — —10.4 —13.9 V
Anode current.......................... la = 53 45 mA
Screen-grid current...................... Ig2 = 10 8.5 mA
Mutual conductance .... 8 = 9.0 7.6 mA/V
Internal resistance.................... Ri = 20 24 kG
Amplification factor between

screen grid and control grid . 9-0201 10 10
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*) At anode dissipations smaller than 4.5 W the maximum permissible 
anode voltage is 450 V.

Operating conditions for sound output (one valve in Class A)

Supply voltage......................... 7 = 170 200 V
Anode voltage......................... Va = 170 200 V
Screen-grid voltage...................... Vg 2 = 170 V
Screen-grid resistor...................... Rgz = — 680 £2
Control grid voltage .... = —10.4 —13.9 V
Anode current......................... la = 53 45 mA
Screen-grid current...................... I gì = 10 8.5 mA
Matching resistance .... Ra = 3 4 k£2
Power output (¿tot = 10 %) . Wo = 4 4.2 W
Input signal (dtot = 10 %) . . Vi = 6 7 vv rms
Input signal (Wo = 50 mW) . = 0.5 0.55 ^rms

Operating conditions for sound output (two valves in push-pull)

Anode voltage.......................... Va = 170 200 V
Screen-grid voltage...................... Vg2 = 170 200 V
Common cathode resistor . Rk = 100 135 £2
Matching resistance between 

anodes ............................... Raa = 4 4 k£2
Input signal............................... Vi = 0 2X9.3 O' 2>< 13-5Vrms
Anode current......................... la = 2x46 2x50 2x45 2x52 mA
Screen-grid current...................... 102 = 2x8.7 2x17 2X8.5 2x19 mA
Power output......................... wo = 9 12 W
Total distortion.......................... ^tot = 5 5%

Limiting values
Anode voltage at zero anode cur­

rent ..................................... Vao max. 550 V
Anode voltage......................... Va = max. 250 V*
Positive peak anode voltage 

(10% of the duration of a 
cycle with a maximum of 
2 m sec.)................................ max. 2.5 kV

Negative peak anode voltage . = max. 500 V
Screen-grid voltage at zero screen­

grid current..................... Vo20 —. max. 550 V
Screen-grid voltage...................... Vgz = max. 250 V
Grid current starting point (grid 

current + 0.3 pA) .... Vgi — max. --1.3 V
Heater voltage during warming- 

up period........................... Vf — max. 24.5 V
Voltage between heater and 

cathode ........................... Vfk — max. 200 V
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Cathode current.......................... Ik = max. 75 mA
Anode dissipation.................... wa — max. 9 W
Screen-grid dissipation
External resistance between con­

— max. 2.5 W

trol grid and cathode 
with fixed bias.................... Rgi = max. 0.4 Mil
with automatic bias .... 

External resistance between
Rgl = max. 1 Mil

heater and cathode .... Rfk = max. 20 kil

In frame output applications, to allow for inevitable spread between in­
dividual valves and for deterioration during life the circuit should be designed 
around a peak anode current not exceeding 90 mA at Va = 50 V and Vg2 
= 170 V.

Fig- 6
Anode current and screen-grid current plotted 
against control-grid voltage with anode and 

screen-grid voltage as parameter.
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Fig. 7

Anode current and screen­
grid current plotted against 
control-grid voltage for 
anode and screen-grid volt­

age of 100 V.

Fig. 8
Anode current plotted 
against anode voltage for 
screen-grid voltage of 
170 V, with control-grid 

voltage as parameter.
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of 170 V, with control-grid voltage as parameter.
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Fig. 11 
Screen-grid current plotted against anode voltage for screen-grid voltage of 

200 V, with control grid voltage as parameter.

Fig. 12
Anode current and screen-grid current plotted against anode voltage for 

control-grid voltage of —1 V, with screen-grid voltage as parameter.
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Fig. 13
Anode current, screen-grid current, input voltage and total distortion of one 
PL 82 valve in Class A, plotted against output power for anode and screen-grid 

voltage of 170 V.

Fig. 14.
As fig. 13, but for a supply voltage of 200 V.
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Fig. 15
Anode current, screen-grid current, input voltage and total distortion plotted 
against output power of two Valves PL 82 in push-pull for anode and screen­
grid voltage of 170 V. The currents indicated are of the two valves together.

Fig. 16
As fig. 15, but for a supply voltage of 200 V.
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The triode pentode ECL 80

Fig- 1
The triode pentode ECL 80 

(about actual size).

Description

In all stages of the picture channel and 
in the I.F. stages of the sound channel 
of a television receiver, single valves are 
used almost exclusively. In other stages, 
however, valves with two electrode sys­
tems in one envelope are frequently used. 
This obviously reduces the total number 
of valves to be employed, thus effecting 
economies in chassis space and also in 
the cost of the receiver. The most com­
monly used multiple valves are double 
diodes and double triodes, but in some 
applications a pentode system would offer 
advantages. However, each section of a 
double pentode of small dimensions will 
normally be incapable of providing suffi­
cient power to permit it to be used in 
the frame output stage or as the sound 
output tube. These considerations have 
led to the design of the triode-pentode, 
Type ECL 80, which is not only suitable 
for a large number of functions but is also 
of small dimensions. The heater of this
triode-pentode is suitable for either series 

or parallel supply, A.C. or D.C., the heater voltage and current being 6.3 V 
and 0.3 A respectively.
Some of the wide variety of functions for which the ECL 80 may be employed 
are listed below:

Triode section Pentode section

1. Frame blocking oscillator

2. Line-blocking oscillator

3. A.F. voltage amplifier

4. Frame or line oscillator

5. Half of frame multivibrator

6. Half of line multivibrator

Frame output

Frame output

Sound output

Sync, separator

Frame output

Other half of line multivibrator
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Application

1. Triode as blocking oscillator (frame frequency)

Pentode as frame output valve

A circuit for vertical deflection in a picture tube MW 36-24 is given in Fig. 2. 
The output stage is matched to the deflection coils incorporated in the unit 
AT 1000/01 (data on page 123), and gives full deflection with an E.H.T. 
of 10 kV. In order to keep the peak anode current of the pentode sufficiently 
low, it is necessary to use an output transformer with a comparatively high 
turns ratio, which in turn involves the use of a high supply voltage. The 
anode is therefore fed from the boosted H.T. obtained from the line-output 
circuit, which is dealt with in the description of the PL 81 line-output 
pentode. The operation of the circuit of Fig. 2 will now be briefly discussed.

=0
,1

 M
n

Fig- 2
Circuit for frame deflection using the ECL 80. The triode section is used as 

blocking oscillator and the pentode section as output valve.

The synchronizing signal is applied to the blocking oscillator via a double 
integration circuit, which gives a better interlace than with single integration. 
The charge capacitor O4 in the triode grid circuit has been kept small so as 
to facilitate synchronization with the integrated synchronizing signal. A 
synchronizing signal of about 75 V peak-to-peak is required at the terminal 
8, and this can be obtained with the separator circuit given in Fig. 3. A 
standard blocking transformer Type 10850 with a turns ratio of 2 : 1 between 
L2 and L, is used. The potentiometer R5 is the vertical hold control.
The saw-tooth voltage for driving the output pentode is obtained in the 
anode circuit of the triode section, which is supplied via 71% from 485 V. 

89



ECL 80

G3 and Cg in series with the charge capacitor Ca serve to give a negative 
peak during the fly-back, which blocks the pentode. This is necessary to 
prevent a delay in the flyback. The saw-tooth part of the alternating voltage 
at the top of Ca has an amplitude of about 30 V peak-to-peak, whilst the 
negative peak is 150 V. The total amplitude across Ca + Cs is therefore 
about 180 V peak-to-peak.
The frequency of the blocking oscillator is almost entirely determined by 
the time constant of the grid circuit and the feedback. For adjusting the 
amplitude of the saw-tooth voltage applied to the pentode (height control) 
the charge resistor Gi could be varied. An increase of Gi would then reduce 
the saw-tooth amplitude in the anode circuit of the triode and vice versa. 
This method, however, has the disadvantage that, owing to the large time 
constant of Ru and Ca, there is a time delay in the adjustment of the picture 
height. The arrangement represented in Fig. 2, where G and Ga form a 
potentiometer, does not have this disadvantage, because the time constant 
in the anode circuit of the blocking oscillator is practically independent 
of the picture height control.
Negative feedback is applied across the output stage for two reasons. First 
of all the feedback circuit is so dimensioned that a form of driving voltage 
is obtained which gives a linear saw-tooth current in the deflection coils. 
Secondly, negative feedback reduces the risk of microphony, which would 
be manifest in vibration of the picture in the vertical direction. The capa­
citor Ce and the resistor Ra form a voltage divider and the feedback voltage 
is applied to the control grid of the pentode via the resistor Go- The saw­
tooth voltage from the blocking oscillator reaches this grid via the height 
control R12 and the resistor Ru. The time constant of CgRa has been so 
chosen that an appreciable alternating voltage having a parabolic form occurs 
across the capacitor. Since the saw-tooth voltage at the anode of the pentode 
is practically linear, the voltage across Ra is the difference between a linear 
saw-tooth voltage and the parabolic voltage occurring across C6. The voltage 
across Ra is in antiphase with the voltage reaching the control grid via Ru 
and the result is that a parabolic component is added to the driving voltage. 
The parabolic component gives a reduction in the rate of change at the be­
ginning of the scan and an increase towards the end.
It will be clear that the time constant of C6Ra can give linear deflection 
only when the primary self-inductance of the output transformer has a 
certain value (see description of PL 82). In production this self-inductance 
will vary, however, from transformer to transformer and it is therefore 
advisable to adjust Ra experimentally or to make this resistor variable. 
Once adjusted to the correct value with a given output transformer Ra 
need not be readjusted.
When adjusting CgRa it will be noticed that it is difficult to obtain good 
linearity for both the upper and the lower half of the picture. The causes 
of this will not be dicusssed here. In the circuit of Fig. 2 correct linearity 
for the lower half of the picture is obtained with the combination of Cg 
and Ra, and after that the linearity of the upper half of the picture (beginning 
of the scan) is adjusted by varying the resistor R7 in the cathode circuit. 
This results in a variation of the working point of the valve, so that the 
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influence of the curvature of the valve characteristic upon the shape of 
the anode current becomes greater or smaller.
A standard output transformer Type 10871 is used. The data of this trans­
former are as follows:

Turns ratio L3 to . 37.4
Inductance of primary, approx. 80 H
Resistance of primary .... 4600 Q
Resistance of secondary . 2.7 Q
Core dimensions......................... 40 X 60 mm
Height of stacking.................... 20 mm

Owing to the high supply voltage and the consequently high turns ratio 
of this transformer, a positive voltage peak of considerable amplitude would 
occur across the primary during the flyback. This peak has been kept below 
1200 V by the inclusion of the damping circuit £15Ci11. The capacitor C12 
serves to prevent the occurrence of line pulses across the secondary during 
the line flyback.
The currents and voltages measured in the output circuit are as follows:

Deflection current peak-to-peak......................................... 750 mA
Average anode current of the pentode............................... 9.5 mA
Peak anode current of the pentode.................................... 21 mA
Average screen-grid current.............................................. 1.7 mA
Peak screen-grid current................................................... 6 mA
Cathode voltage................................................................... approx. 8.7 V

2. The ECL 80 as synchronizing pulse amplifier and separator

A circuit in which the ECL 80 is used as synchronizing pulse separator 
and amplifier is given in Fig. 3. The composite video signal, of which the 
synchronizing pulses must be positive going, is applied via a OR combination 
to the control grid of the pentode section. A resistor of 10 kil is included 
in the input lead to prevent an increase in the capacitance of the anode 
circuit of the preceding video amplifier. An undue increase of this capaci­
tance would make it difficult to obtain the required video bandwidth.
The screen-grid resistance of the pentode has been given a high value, which 
results in a low screen-grid voltage and a control-grid base of only 2 V. 
Since the peaks of the synchronizing pulses give grid rectification, effective 
separation of the synchronizing pulses is ensured.
In normal operation, when a signal of which the synchronizing pulses have 
an amplitude of at least 2 V is applied to the pentode, the average anode 
voltage is approximately 48 V. During the synchronizing pulses this voltage 
drops below the knee of the Ial Va characteristics, so that interference pulses 
are limited.
The total amplitude of the synchronizing signal at the anode of the pentode 
is 45 V and this signal is applied to the triode grid for further amplification 
and limiting. The leak resistor of the triode is not connected as usual to 

91



ECL 80

the chassis, but to the H.T. line of 180 V. This has the advantage that 
should the grid be driven far negative by an interference pulse the triode 
quickly resumes normal operation, because the negative charge at the grid 
capacitor is carried off in a relatively short time. The synchronizing pulses 
at the anode of the triode have an amplitude of 75 V peak-to-peak.

Fig. 3
Circuit for the ECL 80 as synchronizing pulse sepa­

rator and amplifier.

3. Triode as A.F. voltage amplifier

Pentode as sound output valve

Extensive information referring to these uses are given in the data section. 
The ECL 80 permits the design of an audio amplifier of higher sensitivity 
than that of a normal single audio stage. Precautions should be taken, 
however, to avoid two possible sources of oscillation.
Oscillation at a low audio frequency may occur due to feedback through 
the common cathode resistor circuit when a common cathode resistor, tapped 
for the triode, is used. This may be avoided by using a long time constant 
in the cathode circuit (Ck = 100 pF) and a short one for the coupling between 
the triode anode and the pentode grid (Cgl = 5000 pF; Rgi = 0.68 Mil). 
The A.C. earth return of the circuit feeding the triode grid should be con­
nected to the cathode, as otherwise the time constant of CglRgl may have 
to be further reduced. If fixed bias is used for both the triode and the pentode, 
there is, of course, no risk of oscillation at low frequencies.
Oscillation at a high audio frequencies may occur due to coupling through 
the capacitance between the pentode anode and the triode grid. The impe­
dance in the triode grid circuit should therefore be kept as low as possible 
(Rgt = 0.2 Mil). The output transformer primary should also be shunted 
by a high-frequency RC damping circuit to prevent a rise in the anode load 
impedance of the pentode at the higher frequencies. In extreme cases it 
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may be necessary to use a capacitor between triode anode and triode grid, 
or between triode grid and earth.
The tendency to oscillation at a high frequency as mentioned above may, 
however, most conveniently be reduced by applying negative feedback from 
the anode of the pentode section to the triode anode. A resistor of 0.68 MO 
will suffice for this purpose. The effect of this form of feedback on dis­
tortion and sensitivity is such that the sensitivity is reduced to about half 
that obtained without negative feedback whilst the distortion is considerably 
reduced, especially at low output; for example at 0.1 W without negative 
feedback ^tot — 2.5%, and with negative feedback dtot = 0-5 %•

DATA OF THE ECL 80

Heater data

Heating: indirect by A.C. or D.C.; series or parallel supply
Heater voltage.......................... Vf =
Heater current......................... If =

6.3 V
0.3 A

the ECL 80.

Capacitances (measured on the cold valve)

Pentode section

Input capacitance.................... Cgi
Output capacitance..................... Ca
Capacitance between anode and

control grid......................... Gagi
Capacitance between control grid 

and heater...........................Cgif
Capacitance between heater and 

cathode................................Cfk

4.5 pF
5.0 pF

0.2 pF

0.25 pF

3.7 pF
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Triode section

Input capacitance.................... Cg
Output capacitance..................... Ca
Capacitance between anode and 

grid...........................................Cag
Capacitance between grid and 

heater......................................Cg/
Capacitance between heater and 

cathode......................................Cfk

Between sections

Capacitance between grid of 
triode and anode of pentode . CgTaP

Capacitance between anode of 
triode and anode of pentode . CaTaP

Capacitance between grid of triode 
and control grid of pentode CgTglP

Capacitance between anode of 
triode and control grid of 
pentode......................................CaTnP

2.1 pF
0.8 pF

0.9 pF

<0.05 pF

3.7 pF

<0.12 pF

< 1.2 pF

< 0.2 pF

< 0.2 pF

Typical characteristics

Pentode section

Anode voltage......................... Va = 170 200 250 V
Suppressor-grid voltage Vg3 = 0 0 0 V
Screen-grid voltage...................... = 170 2C0 240 V
Control-grid voltage .... Vgi = -6.7 —8 -12.2 V
Anode current......................... la = 15 17.5 14 mA
Screen-grid current...................... Igi = 2.8 3.3 2.6 mA
Mutual conductance .... S = 3.2 3.3 2.6 mA/V
Internal resistance.................... Rt = 0.15 0.15 0.2 Mil
Amplification factor between

screen grid and control grid . l-Gagi = 14 14 14

Triode section

Anode voltage......................... va 100 V
Grid voltage............................... Vg = 0 V
Anode current......................... la = 8 mA
Mutual conductance .... 8 = 1.9 mA/V
Amplification factor .... V = 20
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Operating conditions

Pentode as sound output valve

Supply voltage.................... • vb = 170 200 250 V
Anode voltage.................... ■ va = 170 200 250 V
Suppressor-grid voltage . Vg3 = 0 0 0 V
Screen-grid voltage. Vg: = 170 200 V
Screen-grid resistor. Rg: = — — 4.7 kQ
Control-grid voltage 7 01 = -6.7 -8 -12.2 V
Anode current.................... • Ia = 15 17.5 14 mA
Screen-grid current. Igi = 2.8 3.3 2.6 mA
Mutual conductance . Ä = 3.2 3.3 2.6 mA/V
Internal resistance .... Ri = 0.15 0.15 0.2 MQ
Matching resistance ■ Ra = 11 11 17.5 kQ
Power output (¿tot = 10%) = 1 1.4 1.55 W
Input signal (dtot = 10%) . 3.7 4.1 5-3 Vrms
Power output % = 50%) . = 1.27 1.75 1.75 W
Input signal % = 50%) . 4.4 5.1 5.9 Vrms
Input signal (Wo = 50 mW) . = 0.7 0.7 0.75 Vrms

Pentode as synchronizing pulse separator

Anode voltage.................... • va = 20 V
Suppressor-grid voltage Vgs = 0 V
Screen-grid voltage. ■ Vg: = 12 V
Control-grid voltage Vgi = 0 —1.45 V
Anode current.................... • la = 2 0.1 mA

Triode as A.F. voltage amplifier

Vb 
(V)

Ra 
(k Q)

Ä/1) (k Q) -vs 
(V)

la 
(mA) To2) ( Vrms) Vol v,- ^tot 

(%)
170 47 150 3.5 1.8 22 9.5 8.7
170 100 330 3.5 1.0 24 10.5 7.6
170 220 680 3.5 0.5 24.5 11 6.5
200 47 150 4.2 2.2 27 9.5 9.0
200 100 330 4.2 1.2 29 10.5 8.0
200 220 680 4.2 0.6 30 11 6.5
250 47 150 5.5 2.8 36 9.5 9.2
250 100 330 5.5 1.5 39 10.5 8.3
250 220 680 5.5 0.75 40 11 7.0

J) Grid resistor of following valve.
2) Output voltage at start of Ig. At lower output voltages the distortion is 
proportionately reduced.
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Limiting values

Anode voltage at zero anode cur-

Pentode section

rent.........................................
Anode voltage.........................

Vao va
= max.
= max.

550 V
400 V

Positive peak anode voltage 
(10% of the duration of a cycle 
with a maximum of 2 m sec.) = max. 1200 V

Negative peak anode voltage . = max. 500 V
Screen-grid voltage at zero screen­

grid current..................... Vgi- = max. 550 V
Screen-grid voltage...................... Vg2 = max. 250 V
Control-grid current starting 

point (grid current + 0.3 (zA) Vgl = max. —1.3 V
Heater voltage during the warm­

ing-up period...................... Vi = max. 9.5 V
Voltage between heater and 

cathode ................................ Vik — max. 150 V
Cathode current......................... Ik = max. 25 mA
Peak cathode current (10% of 

the duration of a cycle with 
a maximum of 2 m sec.) . = max. 350 mA

Anode dissipation.................... Wa = max. 3.5 W
Screen-grid dissipation Wg2 = max. 1.2 W
External resistance between con­

trol grid and cathode 
with fixed bias................ Rgl = max. 1 MO
with automatic bias Rgl = max. 2 MO

External resistance between 
heater and cathode .... R{k — max. 20 kil

In frame output applications, to allow for inevitable spread between in­
dividual valves and for deterioration during life, the circuit should be de­
signed around a peak anode current not exceeding 26 mA at Va = 50, 
Vg2 = 170 V. At Va = 60 V, Vg2 = 200 V the corresponding value for 
the peak anode current is 31 mA and at Va = 70 V, Vg2 = 250 V it is 42 mA.

Triode section

Anode voltage at zero anode 
current................ .....

Anode voltage.........................
Grid current starting point (grid 

current + 0.3 ¡zA) . . . .

F„o = max. 550 V
Va = max. 200 V

Vg = max. ■—1.3 V
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Heater voltage during warming-
up period............................... Vf = max. 9.5 V

Voltage between heater and ca­
thode...................................... Vfk = max. 150 V

Cathode current......................... Ik = max. 8 mA
Peak cathode current (10% of 

the duration of a cycle with 
a maximum of 2 m sec.) . 4p = max. 200 mA

Anode dissipation.................... wa = max. 1 W
External resistance between grid 

and cathode 
with fixed bias................. Rg — max. 1 Mil
with automatic bias Rg = max. 3 Mil

External resistance between 
heater and cathode .... Rfk = max. 20 kG
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Fig. 5
Anode current of pentode section plotted 
against control-grid voltage for anode and 
screen-grid voltages between 50 V and 250 A7.



Fig. 6
Anode current of pentode section plotted 
against control-grid voltage for anode and 
screen-grid voltages between 10 V and 50 V.
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Screen-grid current of pentode section plotted 
against control-grid voltage for anode and 
screen-grid voltages between 50 V and 250 V.



Fig- 8
Screen-grid current of pentode section plotted 
against control-grid voltage for anode and 
screen-grid voltages between 10 V and 50 V.
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Fig. 9
Anode current of pentode section plotted against anode voltage for screen­

grid voltage of 170 V, with control-grid voltage as parameter.

Fig. 10
Screen-grid current of pentode section plotted against anode voltage for 

screen-grid voltage of 170 V, with control-grid voltage as parameter.
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Fig. 11
Anode current of pentode section plotted against anode voltage for screen-grid 

voltage of 200 V, with control-grid voltage as parameter.

Fig. 12 
Screen-grid current of pentode section plotted against anode voltage for screen­

grid voltage of 200 V, with control-grid voltage as parameter.
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Anode current of pentode section plotted against anode voltage for screen-grid 
voltage of 250 V, with control-grid voltage as parameter.

Screen-grid current of pentode section plotted against anode voltage for 
screen-grid voltage of 250 V, with control-grid voltage as parameter.
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ternal resistance of pentode section plotted 
ag,ainst control-grid voltage for anode and 

screen-grid voltage of 200 V.



Anode current, mutual conductance and in­
ternal resistance of pentode section plotted 
against control-grid voltage for anode and 

screen-grid voltage of 250 V.
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Fig. 19
Anode current, screen-grid current, input voltage and total distortion of 
pentode section plotted against output power for anode and screen-grid voltage 

of 170 V.

Anode current, screen-grid current, input voltage and total distortion of 
pentode section plotted against output power for anode and screen-grid voltage

of 200 V.
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Fig. 21
Anode current, screen-grid 
current, input voltage and 
total distortion of pentode 
section plotted against out­
put power for anode and 
screen-grid supply voltage 

of 250 V.

Fig. 22
Anode current of triode 
section plotted against grid 
voltage for anode voltages 
between 50 V and 250 V.
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Fig. 23
Anode current of triode 

3,5 section plotted against grid 
j voltage for anode voltages
(mA) between 10 V and 50 V.

3

2,5

7,5

Fig. 24
Anode current of triode 
section plotted against 
anode voltage, with grid 

voltage as parameter.

2

7
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The line output pentode PL 81

Fig- 1
The line-output pentode PL 81 (about 

actual size).

Description

The requirements which a line-out­
put valve must satisfy are quite 
different from those for a normal 
output valve. In a line-output cir­
cuit a high peak anode current must- 
be delivered at the end of the scan 
with a low voltage drop across the 
valve. The PL 81 pentode has been 
so designed that the knee in the 
I al Va characteristic occurs at a very 
low anode voltage. With a screen­
grid voltage of 170 V, an anode 
voltage of 70 V and a grid bias of 
—1 V the anode current of the 
average valve is 350 mA, which is 
a very high value for a valve of 
these small dimensions. In the con­
ventional circuit the driving voltage 
has such a shape that during the scan 
the anode operates at an average 
potential of approximately 25 V. 
The screen-grid current and conse­
quently the screen-grid dissipation 
are therefore comparatively high, 
but the valve has been so designed 
that it can withstand this condi­
tion, the permissible continuous 
screen-grid dissipation being 4.5 W. 
Another important difference from 

a normal output circuit is that the anode of the line-output valve is sub­
jected to a very high peak voltage during the line flyback. The anode must 
therefore be very well insulated from the rest of the valve, and this is ensured 
in the PL 81 by a top connection and special ceramic supports inside the 
envelope. The valve can thus be used safely with peak anode voltages of 
7 kV.
Although the PL 81 has been specially designed for use in television recei­
vers, its characteristics render it also suitable for A.F. amplifying purposes. 
With a supply voltage of only 170 V, two valves in push-pull can give an 
output of 13.5 W, whilst at 200 V an output of 20 W can be obtained. This 
application will not be dealt with in this book, the operating conditions 
being, however, tabulated in the data section.
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Application

1. General introduction

The output stages for line and frame deflection both serve to drive linear 
sawtooth currents through the deflection coils. There are, however, consi­
derable differences in the dimensioning of the two stages. This is due to 
the fact that the fundamental frequency of the sawtooth current for frame 
deflection is 50 c/s (or 60 c/s in the 
U.S.A.), whilst for line deflection a 
current having a fundamental fre­
quency of 15,625 c/s (625 lines) is re­
quired. At line frequency the load 
formed by the deflection coils is there­
fore almost purely inductive. It has 
been shown in the description of the 
PL 82 pentode that, disregarding the 
special form of the anode current, 
the operation of the frame-output stage 
does not differ fundamentally from 
that of a normal A.F. output stage.

Fig. 2 
Basic line-output circuit.

With the line-output stage, however, this is by no means the case.
By way of example it may be mentioned that the line coils of one standard 
deflection yoke have an inductance of 5.3 mH and a resistance of 5.8 Q.
For the fundamental wave of the sawtooth current the inductive reactance 
is therefore 520 Q, which is almost ten times the resistance.
The example given above indicates that the line coils are usually so designed 

Fig. 3
Saw-tooth voltage at the control 
grid and anode current of the 

pentode of Fig. 2.

that a comparatively low impedance is 
obtained. This has not only construct­
ional advantages (few turns of fairly 
thick wire), but also prevents the occur­
rence of high peak voltages during the 
flyback. It is true that a transformer is 
used for matching to the output valve and 
that the high peak voltages still occur at 
the primary of this transformer, but it is 
much more easy to provide sufficient 
insulation at this point.
A line output circuit in its most simple 
form is given in Fig. 2, in which the ca­
pacitor indicated by dotted lines repre­
sents the total capacitance of the trans­
former, the deflection coils and the wir­
ing. The saw-tooth voltage at the control 
grid and the anode current are indicated 
in Fig. 3. Although the anode current 
may be fairly linear this need not be the 
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Fig- 4
Current in the deflection coils 
in the case of little damping.

case for the current in the deflection coils; this is due to a damped os­
cillation starting during the flyback, the frequency of which is determined 
by the total inductance of the anode circuit and the associated capacitance. 
This may be explained as follows.
During the scan the anode voltage of the output valve is fairly low, for 
example 20 or 30 V. When, however, the flyback starts the anode current 
instead of increasing, decreases rapidly, so that, owing to the inductive load, 
the voltage drop across the transformer primary changes polarity and the 

anode voltage assumes a very high value. 
This voltage may reach a value of 5 kV. 
A high anode voltage corresponds to a 
high internal resistance, which results in 
the valve contributing very little to the 
damping of the output circuit. The result 
is that the current in the deflection coils 
shows a negative peak (see Fig. 4), the am­
plitude of which depends upon the losses 
introduced by the transformer core, and 
the resistance of the windings and of the 
deflection coils. At the point where the 
deflection current again increases in the 

positive direction, the anode voltage and also the internal resistance of the 
valve are again low, provided the valve is not cut off. The damping is now 
much heavier, but normally not sufficient to prevent variations in 
scanning speed at the beginning of the next scanning period. This is mani­
fest in alternate dark and bright bands in the left half of the picture.
This phenomenon is, of course, inadmissible and it is therefore necessary 
to provide so much damping that variations in scanning speed at the be­
ginning of the scan cannot occur. The anode circuit must then be critically 
damped, which may, for example, be obtained by using a transformer core 
with high losses and by shunting the deflection coils with a resistor. In this 
connection it may be remarked that in order to complete the flyback in 
the available time the resonant frequency of the output circuit must be 
at least 50 kc/s, so that in a normal transformer core large losses occur 
during the flyback.
In this way it is indeed possible to prevent oscillatory variations in scanning 
speed at the beginning of the scan, but an important disadvantage is that 
the magnetic energy stored in the deflection coils and the transformer at 
the end of the scanning period is dissipated uselessly in the transformer 
core and the damping resistor if any. The efficiency of the circuit is then 
low and the total power consumption is consequently high. In a practical 
circuit the power to be supplied via the H.T. line may be 50 W, whilst 
from the fact that the impedance of the deflection coils is almost purely 
inductive it may be deduced that it must be possible to maintain a sawtooth 
current without the expenditure of a large amount of power. To obtain 
this it is necessary to make use of the stored magnetic energy.
During recent years a number of circuits for energy recovery have been 
proposed and used, but the one most frequently used nowadays is that in­
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corporating a booster diode. In a booster diode circuit the energy in the 
scanning system circulates between the magnetic field of the deflection 
coils and transformer and a capacitor, so that only the losses occurring in 
this exchange must be covered by the power supply. For circuits of this 
type it is very important that a transformer core with low losses is used, a 
condition which is satisfied by the special magnetic material sold under 
the name Ferroxcube.
One of the first circuits operating with a booster diode, and one which is 
still in use at the present time is represented in Fig. 5. In this circuit a 
transformer is used the secondary of which is extended, whilst during the

Fig. 5 
Line-output circuit with booster diode in which a transformer is used with 

separate secondary and primary windings.

scan the polarity of the voltages across the windings and n2 is such that 
the anode voltage of the pentode is negative with respect to the cathode 
of the booster diode PY 80, the anode of the latter valve having a voltage 
with respect to the chassis which is the sum of the voltage across n2 and 
the supply voltage Vb. If, therefore, the diode conducts, the voltage occurring 
across the booster capacitor G is equal to the voltage across n2, the voltage 
drop in the PY 80 diode being small. The supply voltage available for the 
pentode is thus increased. This circuit is therefore sepcially suitable for 
receivers in which the available H.T. line voltage is low, for example if this 
voltage is obtained by direct rectification from the mains.
A further feature of the circuit is that the E.H.T. for the picture tube (10 
to 15 kV) is obtained by rectifying the positive voltage peaks occurring 
across the transformer primary during the flyback by means of a special 
diode Type EY 51 the heater of which is supplied via a few additional turns 
(nJ on the transformer. In order to increase the E.H.T. to the required 
value the primary is extended by the E.H.T. winding n3.
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A more detailed analysis of the operation of the circuit shows that during 
the flyback the polarity of the voltages across the transformer is opposite 
to that shown in Fig. 5. The flyback is initiated by blocking the output 
pentode, and since during the flyback the anode of the booster diode is 
highly negative with respect to the cathode, the latter valve is also blocked. 
Owing to the large amount of magnetic energy in the transformer and the 
deflection coils, when blocking the output valve a damped oscillation starts, 
the frequency of which is determined by the total inductance and the asso­
ciated capacitance. Since after half a period of oscillation the voltages across 
the output transformer again change polarity, current starts to flow in the 
booster diode at that instant, so that the capacitor C is charged. The voltage 
drop across the booster diode is but small, as a result of which the voltage 
across n2 is kept constant, which implies a practically linear variation of 
the current in the deflection coils. It is true that the voltage across C may 
vary slightly, but this is a second order effect.
From the explanation given above it may be seen that the duration of 
the flyback is approximately equal to the duration of half a period of the 
free oscillation. It is therefore necessary, by means of suitable winding 
methods, to keep the resonant frequency of the transformer and the de­
flection coils so high that the flyback can be completed in the available 
blanking time. A practical lower limit for the resonant frequency is 60 kc/s. 
In a loss-free circuit no power is dissipated during the flyback, which implies 
that the magnetic energy available at the end of the flyback to charge the 
booster capacitor is equal to the magnetic energy at the beginning of the 
flyback. The interval during which the capacitor is charged then corresponds 
to the duration of the first half of the scan. The energy for the second half 
of the scan must be delivered via the output pentode, which must be un­
blocked to rebuild the magnetic field. The charge drawn from the booster 
capacitor during this interval, corresponds to the charge supplied to it 
during the first half of the scan. It is seen that the energy circulates between 
the booster capacitor and the magnetic field, so that, without any losses, 
i.e. also without any voltage drop across the valves, the circuit would operate 
without any power being supplied to it. The H.T. line voltage could then 
be zero, but this, of course, is not possible in practice for the following reasons. 
During the flyback power is dissipated in the transformer core, the resistance 
of windings and deflection coils and the circuit for the E.H.T. and for 
feeding the heater of the E.H.T. rectifier. The result is that the energy 
in the magnetic field at the end of the flyback is smaller than that at the 
beginning, so that it is not sufficient to complete the first half of the next 
scanning period. Since also during the scan losses occur in the valves and 
in the resistance of transformer windings and deflection coils, the output 
pentode must be unblocked well before the first half of the scan is completed. 
With low losses this instant can almost coincide with the centre of the 
scanning period. For high efficiency the use of a low-loss core material such 
as Ferroxcube is very important.
It has been indicated previously that when the booster diode conducts the 
voltage drop across it is but small, so that the voltage across the winding 
n2 is kept constant, which implies an almost linear rate of scan. To ensure 
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good linearity during the whole scanning period the driving voltage applied 
to the output pentode is normally given such a shape that the booster 
remains conductive during the whole scan.
There is another reason for making the pentode conductive at a still earlier 
instant than that indicated previously and to make it coincide with the be­
ginning of the scan. The coupling between the primary and the secondary 
windings of the transformer is not ideal, so that stray inductance is present. 
The energy stored in the stray inductance at the end of the scan gives rise 
to an oscillation at the start of the flyback, which, when the pentode is 
blocked, is not damped out when the next scanning period begins. Since 
the secondary winding itself has also stray inductance, so that it is not 
entirely short circuited by the booster diode, the oscillation can be super­
imposed upon the deflection current, resulting in alternately dark and bright 
vertical bands at the left side of the picture. If the pentode is unblocked 
at the beginning of the scan, the oscillation is more rapidly damped by the 
internal resistance of the valve.
In a practical circuit working with an H.T. line voltage of approximately 
200 V, the voltage available at the cathode of the booster diode (top of booster 
capacitor) is usually between 400 and 600 V. Since in a few circuits in the 
receiver a supply voltage higher than 200 V may be desirable, these circuits 
can be fed from the boosted H.T. supply. Examples of this are the second grid 
of the picture tube, the anode of the output valve for frame deflection and 
the anode of the F.M. detector valve EQ 80. The current drain may then 
be 10 to 15 mA, the power for this being delivered during the scan via the 
output pentode.
The circuit of Fig. 5 possesses a few disadvantages, which have been avoided 
in two more recent circuits. Since a proportion of the magnetic energy at 
the end of the scan is lost during the flyback, these losses may be reduced 
by keeping the magnetic energy in the transformer small, which implies 
a high inductance. This results, however, in an increase of the stray induct­
ance, which has already a comparatively high value in a transformer with 
separate windings. The energy stored in the stray field at the end of the 
scan is not available to contribute to the beginning of the next scanning 
period, but gives rise to unwanted oscillations. Starting with a small trans­
former inductance, therefore, and increasing this gives an increase of the 
overall efficiency, until an optimum is reached, after which the losses due 
to stray inductance preponderate and reduce the efficiency. In practice it 
may occur that the optimum efficiency cannot be attained owing to diffi­
culties with oscillations in the stray inductances. The circuit of Fig. 5 has 
nevertheless been used with good succes in receivers with a narrow-angle 
picture tube operating at an E.H.T. smaller than 10 kV. The deflection 
energy required for such a tube is fairly small, so that the power required 
from the H.T. supply can also be kept reasonably small. With the introduction 
of wide-angle picture tubes and the use of an E.H.T. of 10 kV or greater 
it became necessary, however, to reduce the stray inductance of the line 
transformer.
A circuit in which a transformer with a low stray inductance is used is 
represented in Fig. 6. An autotransformer is employed, the booster diode 

113



PL 81

and the deflection coils being connected to taps on the primary. The stray 
field, and consequently the losses in the stray inductance, can thus be kept 
low. A complication is, however, that the cathode of the booster diode is 
connected to a point on the transformer at which a positive voltage peak 
of 3 to 4 kV occurs during the flyback. The heater of this valve must be 
included in the normal series chain and, compared with the voltage peak 
on the cathode, would be almost at chassis potential, so that in a valve of 
conventional construction breakdown would occur between these two elec-

.Fig. 6
Line-output circuit with booster diode in which an autotransformer is used. 
The heater of the PY 80 booster must be fed via a bifilar winding on the 

transformer.

trodes. Using the PY 80 it is then necessary to feed the heater via a special 
bifilar winding (see n5 in fig. 6) across which a voltage occurs equal to 
that across n2. Moreover, by interconnecting the heater and the cathode 
by means of a capacitor, so that a difference in the peak voltages at the two 
windings is compensated, the occurrence of high peak voltages between 
these electrodes is prevented. The circuit of Fig. 6 is suitable for use with 
a wide-angle picture tube.
A disadvantage of the circuit of Fig. 6 is, however, that the heater of the 
booster diode must be supplied via a special winding. It must be bifilar- 
wound to prevent the induction of hum voltages in the other windings. 
The heater current of the PY 80 is 0.3 A, so that fairly thick wire must be 
used to prevent additional voltage drop in the heater chain, or excessive 
generation of heat. The winding therefore requires much space on the trans­
former, whilst, in addition, difficulties may be encountered with oscillations 
set up in it during the flyback.
These disadvantages are avoided when a booster diode Type PY 81 is used. 
This valve has special insulation between heater and cathode, such that it 
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is no longer necessary to use a bifilar winding on the line transformer for 
feeding the heater (see fig. 7). It can therefore be included directly in the series 
chain. The dimensions of the transformer can then be reduced, whilst the 
efficiency is increased. The new booster diode PY 81 is therefore specially 
suitable for use in a circuit supplying the deflection current for wide-angle 
picture tubes operating with a high E.H.T.
From the foregoing qualitative description of the line-output stage it is 
clear that the application of the output pentode PL 81 and that of the booster 
diodes PY 80 and PY 81 are closely interrelated. The notes on these appli­
cations are therefore combined in this section, a description being given in 
the following pages of a line-output stage using PL 81, PY 80 and EY 51. 
The use of the booster diode PY 81 is illustrated in the description of a 
complete receiver on page 177.

+Vb
Fig. 7 

Line-output circuit in which the PY 80 is replaced by a PY 81 booster diode. 
With the PY 81 it is no longer necessary to feed the heater via a bifilar winding.

2. A circuit for line deflection and an E.H.T. of 10 kV

A complete circuit for horizontal deflection and E.H.T. for use with a 
picture tube MW 36-24 is given in Fig. 8. This circuit also contains the saw­
tooth generator for driving the output stage and a coincidence detector 
for flywheel synchronization. The functions of the various valves are as 
follows:

ECH 42 coincidence detector
ECL 80 multivibrator
PL 81 output valve
PY 80 booster diode
EY 51 E.H.T. rectifier

115



PL 81

For full picture width on the screen of the MW 36-24 picture tube a saw­
tooth current of 1100 mA peak-to-peak is required in the line coils of the 
deflection and focusing unit Type AT 1000/01. The data of this unit are 
given at the end of this circuit description. The deflection current should 
be linear and since the inductance and resistance of the deflection coils are 
5.3 mH and 5.8 G respectively, at a line frequency of 15625 c/s (625 lines) 
the voltage across the line coils has an almost constant value of 105 V during 
the scan.
It has been indicated previously that the output valve is so driven that 
the booster diode conducts during the whole scan. If, therefore, the total 
inductance connected between the points a and b of the line transformer 
is increased by connecting an inductor in series with the line coils, then the 
voltage between these points will remain almost constant, but the ampli­
tude of the sawtooth current decreases, because at a constant voltage the 
rate of change is inversely proportional to the total inductance. Use is made 
of this principle to control the picture width. In series with the deflection 
coils is connected a variable inductor Type AT 4060, the inductance of which 
can be adjusted between 220 and 1170 ¡zH.
The voltage across the winding a b is stepped up by the winding b c, so that, 
during the scan, between a and c a voltage of approximately 295 V occurs, 
point a being positive with respect to c. Since during the scan the booster 
diode conducts, the same voltage occurs across the booster capacitor C17, 
so that the voltage between point a and the chassis is 190 + 295 = 485 V. 
The voltage across the booster capacitor does not change appreciably during 
the flyback. From the point a can be fed the second grid of the picture tube, 
the anode of the output valve for frame deflection and the anode of the 
F.M. detector valve.
The value of the booster capacitor C17 has been so chosen that an appre­
ciable parabolic component of voltage occurs across its terminals, which 
greatly contributes to the linearity of the scan. This may be explained as 
follows.
Since the voltage across an inductance is directly proportional to the rate 
of change of the current flowing through it, a constant voltage across the 
transformer during the scan results in a constant rate of change of the 
current through the deflection coils, dissipative resistances being disregarded. 
This, in turn, gives rise to a practically constant angular velocity of the 
electron beam. Since, however, the face of the MW 36-24 picture tube is 
almost flat, this constant angular velocity will cause the speed of the luminous 
spot to increase as the deflection angle becomes greater. This is counteracted 
by adding to the voltage across the transformer a parabolic component, 
so that it is at a maximum when the luminous spot passes through the centre 
of the screen and gradually decreases as the distance of the spot from the 
centre becomes greater. This is obtained by giving C17 a low value, the 
saw-tooth current flowing in it due to the charge during the first part of 
the scan and to the discharge during the second part producing the required 
parabolic component.
It should be mentioned that as a result of the rapid variation of current 
during the flyback the PY 80 is subjected to a very large peak inverse
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Fig. 8
Complete circuit for horizontal deflection and an E.H.T. of 10 kV.
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voltage. The valve, however, is adequately insulated to withstand this 
condition. It is, however, essential that suitable insulation is provided in 
the valve holder, the cylindrical centre shield of which should be removed, 
whilst it is also advisable to remove contact 8, thus further reducing the 
risk of flashover and minimizing the leakage through the holder. In addition, 
certain types of holder may have to be mounted in a plate of insulating 
material.
In the circuit of Fig. 8 the cathode of the booster diode is connected to a 
tap on the primary of the output transformer. As indicated previously 
when using the PY 80 it is then necessary to feed the heater via a bifilar 
winding, to prevent the occurrence of high peak voltages between heater 
and cathode. The drop of heater voltage in this winding is 5.5 V.
With the transformer Type AT 2000 the turns ratio between the whole 
primary ad and the section ab is 3.8 to 1, and this means that the anode 
voltage of the PL 81 is about 485 — 3.8 X 114 = 48 V during the scanning 
period. With this figure allowance has been made for the Voltage drop across 
the line amplitude control. Owing to resistance in the transformer windings 
and in the deflection coils, the voltage drop across the primary is not entirely 
constant; a voltage varying between 23 and 57 V during the scan has actually 
been measured between anode and cathode of the PL 81. This low anode 
voltage might result in overloading of the screen-grid, but this is prevented 
by a non-bypassed resistor in the screen-grid supply lead.
Moreover, to protect the output valve in the case of accidental failure of 
the driving voltage a cathode resistor has been used. This resistor is connected

Fig. 9
Internal resistance of the E.H.T. supply and 
screen-grid dissipation of the PL 81 plotted 
against the value of the screen-grid resistor.
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to a point in the receiver circuit where the potential is —6 V with respect 
to the chassis, thus preventing a reduction of the available supply voltage. 
The E.H.T. for the picture tube is obtained by rectifying the positive voltage 
peaks occurring at the primary of the line transformer during the flyback. 
For the rectification a diode Type EY 51 is used, the heater of which is 
supplied from the winding j k. The primary of the transformer is extended 
by the section de to obtain the required E.H.T.
The internal resistance of the E.H.T. supply must be sufficiently low to 
prevent defocusing and variations in deflection amplitude when the bright­
ness control is adjusted. A low internal resistance is obtained by so driving 
the output valve that the anode voltage during the scan is lower than that 
corresponding to the knee of the Ia/Va characteristic. From the figures 
given previously it may be seen that this is indeed the case.
The internal resistance of the E.H.T. supply also depends upon the value 
of the resistor in the screen-grid lead of the output valve. This dependency 
is plotted in Fig. 9, in which also the screen-grid dissipation is shown a func­
tion of the screen-grid resistor. The dotted vertical line corresponds to the 
resistance used in the circuit of Fig. 8.
The shape of the voltages and currents and also the occurrence of oscillations 
in the stray inductances of the transformer may give rise to interference in 
neighbouring radio and television receivers. This can be prevented by enclos­
ing the whole line-output circuit in a perforated metal screening case, as 
indicated by the dotted rectangle in Fig. 8.
The following currents and voltages with respect to the chassis have been 
measured in the circuit of Fig. 8.

Mean values

Supply voltage Vbl.............................................................................190 V
Current from supply....................................................................... 122 mA
Anode current PL 81.................................................................. 98 mA
Screen-grid current PL 81.................................................. • 24 mA
Current drawn from 485 V terminal............................................. 10.5 mA
Voltage across _/%....................................................................... 10 V
E.H.T. (terminal n) at 100 nA....................................................... 10.3 kV

Peak Values

Anode current PL 81 .................................................................. 270 mA
Screen-grid current PL 81........................................................ 40 mA
Ripple at C17 (peak-to-peak)........................................................ 19 V
Driving voltage PL 81 (peak-to-peak)......................................... 140 V

The driving voltage applied to the control grid of the PL 81 is represented 
in Fig. 10. This voltage is delivered by a multivibrator employing the triode 
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pentode ECL 80. During the flyback the output valve is blocked, whilst 
towards the end of the scan grid current flows, which provides a charge 
on the grid capacitor such that the valve operates with a comparatively 
high grid bias. The time constant of the grid circuit is large compared with 
the duration of a line period.
The saw-tooth generator is an asymmetrical multivibrator, i.e. the durations 
of the consecutive half periods of the output voltage are unequal, which is 
obtained by using different time constants in the grid circuits. The duration 
of the negative peak, the start of which coincides with the start of the flyback 
in the output stage, is slightly longer than that of flyback, the flyback 
time being approximately 12% of a cycle. The output valve therefore starts 
to draw current very soon after the flyback is completed.

Shape of the driving voltage at the control grid 
of the PL 81.

In order to improve the frequency stability of the multivibrator a tuned 
circuit, LJfo, has been included in the anode circuit of the triode section. 
This circuit is tuned to 15,625 c/s with the aid of an adjustable Ferroxcube 
core. The free-running frequency of the multivibrator can further be adjusted 
by Ru of 0.5 MQ. Lr and Cs are available as one unit under the Typo Number 
10924. The nominal inductance of Lt is 10 mH and the regulating range is 
from 6 to 14 mH. C9 has a capacitance of 10,000 pF.
A circuit which is very insensitive to interference is used for synchronizing 
the multivibrator. This circuit is built around a triode hexode type ECH 42, 
the operation of which is discussed in the following paragraphs. First of 
all it should be indicated, however, that if the heater of the ECH 42 is included 
in a series chain with a nominal current of 0.3 A, it is necessary to shunt 
the ECH 42 heater by a resistor of 100 Q, the rated heater current of this 
valve being 0.23 A.
A synchronizing signal of 75 V peak-to-peak is applied to the grid of the 
triode section of the ECH 42, which is internally connected with the third 
grid of the hexode. This signal is obtained from the synchronizing pulse 
separator given in the description of the ECL 80. Grid rectification takes 
place in the triode section of the ECH 42, with the result that the third 
grid of the hexode section is at cathode potential only during the synchro­
nizing pulses, and is heavily negative during the intervals between the pulses. 
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There is, therefore, a possibility of anode current flowing in the hexode 
during the synchronizing pulses, provided this section is not blocked by a 
negative voltage on the first grid. This grid is supplied with a part of the 
alternating voltage occurring across the primary of the line-output trans­
former; see terminal b. The flyback pulses of the latter voltage are positively 
directed, so that grid rectification again takes place and the hexode section 
is consequently blocked during the intervals between the flyback pulses. 
Anode current can therefore flow in the hexode section only when both the 
synchronizing pulses and the line flyback pulses occur simultaneously, whilst 
the average value of the anode current is determined by the degree of over­
lapping of these pulses. This is illustrated in Fig. 11, in which the shape of 
the pulses is idealized.
As a result of the anode current pulses a voltage drop occurs in the anode 
resistor R^ and the pulsatory character of this drop is smoothed out by 
C6 and Cr In the dimensioning of the network C^R^Cy certain requirements 
must be satisfied to prevent waved vertical sides in the upper half of the 
picture. Further details of this are given in the article dealing with flywheel 
synchronization in the next chapter. The voltage at Cg is applied via 
and 7?15 to the control grid of the pentode section of the multivibrator and 
thus influences the frequency.
If it is assumed that the relative position of the pulses represented in Fig. 
11 applies to the steady state condition, it will be clear that when the fre­
quency of the multivibrator increases, that is when the pulses Vgia move 
to the left relative to VgT, the average anode current of the hexode section 
of the ECH 42 will also increase. This 
results in a higher voltage drop in 
R3, as a consequence of which the fre­
quency deviation of the multivibrator 
is compensated. The same reasoning 
can be applied for the case where the 
frequency of the multivibrator decreas­
es. In this case the anode current 
of the ECH 42 will decrease, resulting 
in a lower voltage drop in R,., which 
also compensates the frequency devi­
ation. It is thus seen that the multi­
vibrator frequency is kept constant 
and “in phase” with the synchronizing 
pulses. In the absence of a signal, or 
if, as a result of a burst of inter­
ference, the synchronizing signal fails 
for some time, it is necessary that 
the frequency of the multivibrator is 
maintained. For this reason the re­
sistors R3, Ri and Rg have been so 
chosen that the anode currents with 
and without synchronizing signal are 
about equal.

/ i
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Fig. 11
The anode current of the hexode 
section of the ECH 42 is determined 
by the relative position of the pulses 
applied to the grid of the triode and 

the first grid of the hexode.

121



PL 81

On closer examination of Fig. 11 it will be seen that the synchronizing 
pulse starts before the flyback pulse, so that the time available for the fly­
back of the line-output circuit is reduced. This is not so serious as it might 
seem at first sight. Actually, the shape of the flyback pulse Vffls is approxi­
mately sinusoidal (see dotted line), whilst the amplitude is very large. 
Therefore the hexode section of the ECH 42 can draw current only during 
the peak of the sinusoidal pulse, so that it is quite possible to adjust in 
such a way that the beginnings of the flyback pulses and the synchronizing pulse 
coincide. Moreover, an integrator circuit E18C14 is included between the grid 
of the hexode section of the ECH 42 and terminal b of the line-output trans­
former, this circuit providing a time delay in the arrival of the peak of the 
flyback pulse at the hexode grid. The value of C14 depends upon the wiring 
capacitance in the grid circuit and is best determined experimentally.
Finally, in the actual circuit differentiation has been applied to the syn­
chronizing pulse (see C, and R, in Fig. 8) as otherwise during the frame 
pulses the average anode current of the hexode section would change, re­
sulting in curved sides at the top of the picture. It is therefore seen that Fig. 
11 serves only to explain the principle of the synchronizing system.
The multivibrator and the synchronizer should be fed from the power 
supply via an extra smoothing filter so as to prevent hum interference. The 
total current drawn by the multivibrator is 15 mA and by the synchronizer 
5 mA, including the current through the bleeder for screen grid and cathode.

Fig. 12.
The deflection and focusing unit Type AT 1000/01.
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3. Standard components for the circuit of fig. 8

a. Deflection and focusing unit Type AT 1000/01

In the circuits for horizontal and vertical deflection (see description ECL 80) 
previously described the output transformers are matched to the deflec­
tion and focusing unit Type AT 1000/01. This unit is intended for use in 
conjunction with the picture tube MW 36-24 for anode voltages between 
7.5 and 11.5 kV, i.e. correct focus can be obtained within this voltage 
range.
A permanent magnet is built in for focusing. This magnet is provided with 
a shunt ring which can be moved axially by means of a lever (see drawing) 
which, in turn, can be operated via a bowden cable and a knob (Type AT 
7003) in the receiver cabinet for adjusting the focus on the picture tube. 
This unit can be supplied with or without bowden cable and knob. The picture 
on the face of the picture tube can be registered by loosening the thumb 
screws at the rear of the unit and moving the focusing magnet radially. 
A displacement of 5 mm to either side of the central position is possible. 
The wiring of the line and frame coils to the receiver is simplified by provid­
ing the unit with a cable ending in an octal base. In addition to the contacts 
for the line and frame coils this base has a separate contact for connecting 
the metal screening can of the unit and the cable screen to the receiver 
chassis. The connections are given in Fig. 13 and in the following data.

Fig. 13 
Dimensions of the deflection and focusing unit Type AT 1000/01.
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Technical data
Line coils:

Inductance...................................................
Resistance...................................................
Sensitivity on the MW 36-24 . . . .
Connections...................................................

Frame coils:
Resistance...................................................
Inductance..................................................
Sensitivity on the MW 36-24 . . . .
Connections..............................................

Focus .............................................................
Connection for screen....................................
Maximum operating temperature ....

5.3 mH
5.8 Q

10.33 mA/cm* 
pins 2 and 4

9.8 Q
7.7 mH

10.17 / Va mA/cm* 
pins 6 and 8
between 7.5 and 11.5 kV
pin 7

85° C
b. Line-output transformer Type AT 2000
In this line-output transformer components for obtaining the E.H.T. are 
built in. It is designed for use in conjunction with a line-output valve type 
PL 81 and a booster diode type PY 80. A dimensional drawing is given in 
Fig. 15, in which the indications at the terminals refer to the circuit of 
Fig. 8. In the latter circuit the winding between I and m is not used. The volt­
age appearing across this winding may be used for blanking the picture during 
the line flyback. The turns ratio between the windings a b and I m is 14:1.

Fig. 14 
The line-output transformer Type AT 2000

*) Va in kV.
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Fig. 15
Dimensions of the line-output transformer Type AT 2000. The indications 
at the various terminals correspond to those of the circuit diagram of Fig. 8.

25
%
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Technical data

Inductance between a and d at 500 c/s and
30 mA D.C................................................... 325 mH

Turns ratio between ad and a b . . . . 3.8 : 1
Resistances of windings 

between a and b..................................... 2.5£2
,, b and c......................................... 6.2 £2
„ c and d......................................... 5.8 £2
„ d and e......................................... 144 £2
,, / and h......................................... 9.4 £2
„ g and i......................................... 9.4 £2
,, j and k......................................... 0.26 £2

Maximum operating temperature .... 85° C

c. Picture width control Type AT 4000

The picture width control Type AT 4000 is a coil with variable inductance. 
The dimensions are given in Fig. 16. It can be used in combination with 
the line output transformer Type AT 2000 and the deflection and focusing 
unit Type AT 1000/01.

Fig. 16 
Dimensions of the picture width 

control Type AT 4000.

Fig. 17
Dimensions of the tuned circuit 
Type 10924 for stabilizing the line­

multivibrator frequency.
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Technical data

Minimum inductance.................................... 0.22 mH
Maximum inductance.................................... 1.17 mH
Maximum operating temperature .... 85° C

d. Tuned circuit for line multivibrator Type 10924

This unit comprises an inductor with a nominal inductance of 10 mH and 
an adjustable Ferroxcube core. A fixed mica tuning capacitor of 10,000 pF 
has been built in. The tuned circuit serves to improve the frequency stability 
of a multivibrator driving the line-output stage. The dimensions are given 
in Fig. 17.

Technical data

Minimum inductance.................................... 6 mH
Maximum inductance.................................... 14 mH
Fixed tuning capacitor............................... 10,000 pF
Maximum operating temperature .... 85° C

DATA OF THE PL 81

Heater data

Heating: indirect by A.C. or D.C.; series supply
Heater voltage.......................... Vf
Heater current......................... If

21.5 V
0.3 A

Fig. 18
Base connections and dimensions of the PL 81.
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Capacitances (measured on the cold valve)

Typical characteristics

Input capacitance.................... dgl = 14.7 pF
Output capacitance .... Ca = 6.0 pF
Capacitance between anode and 

control grid..................... dagl — < 0.8 pF
Capacitance between anode and 

cathode ................................ dak — C 0.1 pF
Capacitance between control grid 

and heater.......................... dgif = < 0.2 pF

Anode voltage......................... Va = 170 200 V
Suppressor-grid voltage Vg3 = 0 0 V
Screen-grid voltage.................... Vg2 — 170 200 V
Control-grid voltage .... Vgl = —22 —28 V
Anode current......................... la 45 40 mA
Screen-grid current.................... Igi = 3 2.8 mA
Mutual conductance .... N = 6.2 6 mA/V
Internal resistance.................... Ri = 10 11 kQ
Amplification factor between 

screen grid and control grid. lX9291 = 5.5 5.5

Operating conditions as A.F. power amplifier (two valves in push-pull B)

Anode voltage......................... Va = 170 200 V
Suppressor-grid voltage Vg3 = 0 0 V
Screen-grid supply voltage . Vbgi = 170 200 V
Grid bias.................................... Vgi = —27 —31.5 V
Common screen-grid resistor. Rgi = 1 1 kQ
Matching resistance between 

anodes ............................... ^aa “ 2.5 2.5 kQ
Input signal............................... Vi = 0 19 0 22.5 Vrm8
Anode current......................... la 2 x20 2x732x252x87 mA
Screen-grid current.................... Igi = 2x1.52x102x2 2x12.5mA
Power output......................... Wo = 0 13.5 0 20 W
Total distortion......................... ^tot ~ — 5.5 - 5.5 %
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Anode voltage at zero anode cur-

Limiting values

rent......................................... yao — max. 550 V
Anode voltage.........................
Peak anode voltage (max. pulse 

duration 18% of one cycle,

Va = max. 250 V

with a maximum of 18 [z sec.) 
Screen-grid voltage at zero screen-

vap = max. ± 7 kV

grid current......................... I 02.0 = max. 550 V
Screen-grid voltage....................
Grid current starting point (grid

Vg2 = max. 250 V

current + 0.3 [zA) .... 
Heater voltage during warming-

Vgl = max. —1.3 V

up period..............................
Voltage between heater and

Vf = max. 32 V

cathode.................................... Vfk = max. 200 V
Cathode current......................... Ik = max. 180 mA
Anode dissipation.................... Wa = max. 8 W
Screen-grid dissipation.
Sum of anode and screen-grid

Wg2 — max. 4.5 W

dissipations..............................
External resistance between con-

Wa+wg2 = max. 10 w

trol grid and cathode .
External resistance between

Rgl — max. 0.5 MQ

heater and cathode .... Rfk = max. 20 kil

To allow for spread between individual valves and for deterioration during 
life, the circuit for horizontal deflection should be designed around a peak 
anode current not exceeding 250 mA at Va = 70 V and Vg2 = 170 V. 
At these voltages with Vgl = —1.0 V, the average new valve may be expected 
to give a peak current of 350 mA. For Va = 70 V and Vg2 = 200 V the 
corresponding values for the peak current are 310 mA and 420 mA res­
pectively.
If the PL 81 is used in a circuit for horizontal deflection in conjunction 
with a booster diode type PY 81, the maximum permissible screen-grid 
dissipation during the warming-up period is 6 W.
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Fig. 19
Anode current and screen­
grid current plotted against, 
control-grid voltage, with 
anode and screen-grid volt­

age as parameter.

Fig. 20
Anode current plotted 
against anode voltage for 
screen-grid voltage of 170 V, 
with control-grid voltage 

as parameter.
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Screen-grid current plotted against anode voltage for screen-grid voltage of 
170 V, with control-grid voltage as parameter.

Fig. 22
Anode current plotted against anode voltage for screen-grid voltage of 200 V, 

with control-grid voltage as parameter.

131



PL 81

200 A7, with control-grid voltage as parameter.

Fig. 24
Anode current and screen-grid current plotted against anode voltage for 

control-grid voltage of —1 V, with screen-grid voltage as parameter.
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Anode current, screen-grid current, input voltage and total distortion plotted 
against output power of two valves PL 81 in push-pull B for anode and screen­

grid supply voltage of 170 V.

Fig. 26
Anode current, screen-grid current, input voltage and total distortion plotted 
against output power of two valves PL 81 in push-pull B for anode and screen­

grid supply voltage of 200 V.
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The booster diode PY 80

62147
Fig. 1

The booster diode PY 80 (about actual size).

The PY 80 is a special diode intended for the use as booster in the line­
output stage. In a suitable circuit a considerable improvement in efficiency 
and linearity can be obtained by means of this diode. For examples of 
application the reader is referred to the description of the PL 81 output 
pentode.
The maximum permissible voltage between heater and cathode of the PY 80 
is 650 V, so that this valve can be used as a secondary booster, without 
incorporating special means for keeping the heater-cathode voltage low. 
If the valve is used in a circuit where the cathode is connected to a tap on 
the primary of the output transformer, it is necessary to provide the trans­
former with a special bifilar winding, through which the heater is supplied 
and which serves to prevent the occurrence of flyback pulses between heater 
and cathode. With another booster diode, type PY 81, such a winding is 
not required.
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DATA OF THE PY 80

Heater data

Heating: indirect by A.C. or D.C.; series supply
Heater voltage......................... Vf
Heater current......................... If

19 V
0.3 A

the PY 80.Base connections and dimensions of

Capacitance between anode and 
cathode (measured on the cold 
valve)............................... ca = 5.5 pF

Limiting values

Peak inverse anode voltage . V ainvp = max. 4 kV1)
Peak anode current.................... = max. 400 mA
Mean anode current .... Ia = max. 180 mA
Voltage between heater and

cathode .................................... Vjk = max. 650 V2)
Heater voltage during the warm-

ing-up period.......................... Vf = max. 28.5 V

The contacts 1-6 and 8 of the valve holder may not be used to support 
the wiring. When the valve holder 5908/03 is used no special precautions 
need be taken provided the peak inverse voltage does not exceed 3 kV. 
Between 3 and 4 kV however, the cylindrical centre shield and contact 8 
should be removed from the holder, this then being mounted in a plate of 
insulating material of about 4 cm diameter.

*) Maximum pulse duration 18% of one cycle, with a maximum of 18 [isec.
2) Maximum 100 Vrms mains voltage + maximum 500 V direct voltage. 
Cathode positive with respect to the heater.
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Fig. 3
Anode current of the PY 80 plotted against 

the anode voltage.
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The booster diode PY 81

Fig. 1
The booster diode PY 81 (about 

actual size).

Like the PY 80 described previously 
the PY 81 is intended for use in the 
line-output circuit for improving the 
efficiency and the linearity. With the 
latter valve, however, special insulation 
has been provided between heater and 
cathode, so that the cathode may be 
connected to a tap on the transformer 
primary, without it being necessary 
to feed the heater via a bifilar winding. 
The cathode of the PY 81 is brought 
out at the top of the envelope.
There are a few important details of the 
heater-cathode insulation of the PY 81 
which should be discussed briefly here. 
The required insulation could have been 
obtained by increasing the distance be­
tween the heater and the inside of the 
cathode sleeve, the latter then being 
heated by direct radiation. If, however, 
in a line-output circuit the cathode be­
comes heavily positive during the fly­
back, an appreciable electron current 
will flow from the heater to the cathode. 
This results in an extra load on the line- 
output circuit during the flyback and 
a consequent reduction of the efficiency 
and the E.H.T. To avoid this, in the 
PY 81 an insulating tube is provided 
between heater and cathode, which 
prevents the occurrence of electron cur­
rent between these two electrodes.
Owing to the special insulation between 
the cathode and the heater of the PY 81 

the heating-up time of the cathode is somewhat longer than that of the 
former booster diode type PY 80. With the PY 81 the heating-up time is 
such that, when the heater is included in the normal heater chain of a 
receiver, the booster diode is not capable of passing current until about 50 
seconds after the other valves have started to draw current. During this 
interval those electrodes of valves that are supplied from the boosted H.T. 
cannot draw current and the entire electron current of a given valve will then 
flow to the preceding electrode. This might result in temporary overloading. 
An example is the line-output pentode, the anode of which must draw 
current via the booster diode, whilst the screen grid is supplied from the 
general H.T. line. For this reason a new rating has been added to the data 
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of the PL 81. The maximum permissible continuous screen-grid dissipation 
of this valve is 4.5 W, but when it is used in combination with a PY 81 
booster diode, a screen-grid dissipation of 6 W is permissible during the 
heating-up time. In a practical circuit this new rating makes the introduction 
of special measures against overloading during the heating-up time unne­
cessary.
In a normal circuit for horizontal deflection the anode of the output pentode 
operates during the scan at a very low voltage and, in order to prevent 
continuous overloading of the screen-grid, it is then necessary to include 
non-bypassed series resistance in the screen-grid lead. This resistor will 
normally have a value around 2 kQ. It may easily be calculated that, 
when the screen-grid is supplied from an H.T. line voltage of 200 V, the 
theoretical maximum in screen-grid dissipation will be 5 W, which is well 
below the maximum permissible value of 6 W during the heating-up time. 
The resistor required for protecting the screen grid during normal operation 
therefore also serves to prevent overloading during the heating-up time.
In modern television receivers it is customary to feed the anode of the 
frame output pentode from the boosted H.T. and, when a PY 81 booster 
diode is used, temporary overloading of the screen grid might occur. When 
the pentode section of an ECL 80 tube is used for vertical deflection, the 
screen grid can also be fed from the boosted H.T., because this electrode 
draws but a small current. If a PL 82 pentode is used, with the screen grid 
supplied from the general H.T. line, sufficient resistance should be provided 
in the screen-grid lead. The inclusion of screen-grid series resistance need 
not lead to an undue voltage drop during normal operation, since as soon 
as anode voltage is available, the screen-grid current drops to a much lower 
value.

DATA OF THE PY 81

Heater data

Heating: indirect by A.C. or D.C.; series supply
Heater voltage.......................... Vf = 17V
Heater current..........................If = 0.3 A

Capacitances (measured on the 
cold valve)
between anode and cathode . Ca 
between heater and cathode. Cfk

6.4 pF
3.6 pF

Limiting values

Peak anode current
Mean anode current

lap = max. 450 mA
Ia = max. 150 mA
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Voltage between cathode and 
heater (cathode positive) . vik = max. 600 V DC 

+ 220 Vrms mains 
voltage

Peak voltages during the flyback 
(max. 18% of a period with a 
maximum of 18 usee) 
between cathode and heater 
(cathode positive) .... V fkp
between anode and cathode 
(cathode positive) .... Vakp

between anode and heater 
(anode negative).................... Va/P

= max. 4.5 kV (5.6 kV*)

= max. 4.5 kV (5.6 kV*)

= max. 3 kV (3.8 kV*)

*) These values are absolute maxima.

72324

of the PY 81.Base connections and dimensions
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Fig. 3
Anode current of the PY 81, plotted against 

anode voltage.
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The mains rectifier PY 82

Fig. 1
The mains rectifier PY 82 (about actual size).

The PY 82 is a single-anode indirectly heated rectifying valve with a heater 
current of 0.3 A, intended for use in transformerless television receivers. 
With one valve, a rectified current of 180 mA can be obtained, so that in 
the normal television receiver supplied from the 220 V mains two of these 
valves will be used in parallel. The cathode is adequately insulated to permit 
the heater to be included at the high potential end of the heater chain.

DATA OF THE PY 82

Heater data

Heating: indirect by A.C. or D.C.; series supply
Heater voltage.......................... Vf = 19V
Heater current......................... If = 0.3 A
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Typical operating conditions

Input voltage.......................... Vtr = 250 240 220 200 127 ^rms
Reservoir capacitance .... Gut = 60 60 60 60 60 nF
Limiting resistor.......................... Rt = 125 105 65 30 0 Q
Output current......................... Io 180 180 180 180 180 mA
Output voltage.......................... Vo = 195 195 195 195 127 V

Limiting values

Input voltage......................... Vtr = max. 250 Vrms
Peak inverse voltage .... Va invp = max. 700 V
Output current..........................
Voltage between heater and

Io = max. 180 mA

cathode .................................... vikP — max. 550 V1)
Reservoir capacitance .... 
Heater voltage during the warm-

Gilt : max. 60 nF2)

ing-up period..........................
Minimum permissible values for

vf = max. 28.5 V

the limiting resistor .... Vtr = 250 240 220 200 127 Vrms
Rt = 100 80 40 30 0 Q

x) Maximum 220 Vrms alternating voltage + maximum 250 V direct voltage. 
Cathode positive with respect to heater.
2) When two valves PY 82 are connected in parallel the maximum reservoir 
capacitance is 100 ¡zF. In this case each anode must have the minimum limiting 
resistor specified above.
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Anode current of the PY 82, plotted against 
the anode voltage.



Rectified output voltage of the PY 82 plotted 
against the output current, with the alter­
nating input voltage and the limiting resistor

as parameters.
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The E.H.T. Rectifier EY 51

Fig. 1
The E.H.T. rectifier EY 51 (about actual size).

The EY 51 is a miniature all-glass half-wave rectifier of the wire-in type, 
specially designed for rectifying the E.H.T. for the picture tube in television 
receivers. The small dimensions and the low heater wattage render the 
valve particularly suitable for circuits in which the E.H.T. is obtained by 
rectifying the flyback pulses in the line output circuit. The heater may 
then be fed from a subsidiary winding on the line-output transformer, 
whilst the valve can be soldered directly to the transformer terminals. In 
practical cases three or four well-insulated turns on the transformer are 
sufficient for the heater supply. The EY 51 can, of course, also be used 
in circuits with sinusoidal input voltage, but then with reduced input voltage.
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Heater data

DATA OF THE EY 51

Heating: indirect by A.C. or D.C.; parallel supply
Heater voltage......................... Vf
Heater current......................... If

6.3 V
90 mA

C 6

73233

Fig. 2
Electrode connections and dimensions of the EY 51.

Capacitance between anode and 
cathode (measured on the cold 
valve)......................................Ca 0.8 pF

Limiting values

a. With sinusoidal input (mains frequency):
Input voltage • • • Vtr = max. 5 kVrms
Rectified output current ■ • • IO = max. 3 mA
Reservoir capacitance . • • • Cfiit = max. 0.1 (zF
Limiting resistance . • • • Rt = min. 0.1 Mil
b. With sinusoidal input 
Peak inverse voltage .

(10-500 kc/s):
V ■ 

• • • ' a invp = max. 17 kV
Rectified output current . . . Io = max. 3 mA
Reservoir capacitance . ■ • • ^filt = max. 0.01 hF
Limiting resistance . ■ ■ ■ Rt = min. 0.1 Mil
c. With pulse input 
Peak inverse voltage . • • • I ainvp = max. 17 kV
Rectified output current ■ ■ ■ Io = max. 0.35 mA
Peak anode current . • ■ • lap = max. 80 mA1)
Reservoir capacitance . C'ait = max. 5000 pF

■) For maximum pulse duration ) % of one cycle, with a maximum of 5 [zsec.
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Fig- 4
Rectified output voltage of the EY 51 plotted against the output current, 
for a sinusoidal input voltage of 5 kVrms and a limiting resistance of 0.1 Mil.
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CHAPTER II

Circuit descriptions
In the preceding pages a review has been given of the complete range of 
television receiving valves. In this chapter a few important aspects of tele­
vision receiving technique are discussed, namely, intercarrier sound and 
flywheel synchronization and this is followed by a description of a complete 
receiver. Intercarrier sound and flywheel synchronization are fairly recent 
innovations, and it is for this reason that they are dealt with separately.

Intercarrier sound
Introduction

In television systems using a frequency-modulated sound carrier and an 
amplitude-modulated picture carrier, two different methods are available 
for the amplification of the sound carrier, after this has passed the frequency 
changer stage. The conventional method is familiar, and calls for only a 
brief description, but the features of intercarrier sound reception require 
more detailed treatment.
Fig. 1 shows a block diagram in which the picture carrier and the sound 
carrier are applied to a common tuner unit. Such a unit normally contains 
an R.F. stage and a frequency changer. After frequency changing the 
picture and sound signals are amplified in separate I.F. amplifiers. It is also 
possible to use one or two common stages of I.F. amplification before the 
vision and sound signals are separated, but this does not make any fun­
damental difference.
The intermediate frequencies for sound and picture are determined by the 
carrier frequencies and by the frequency of the local oscillator. Since the 
difference in frequency between sound carrier and picture carrier is standar­
dized (according to the C.C.I.R. system this is 5.5 Mc/s), the frequency 
difference between the two I.F. signals is constant, provided sufficient care 
is exercised at the transmitter to keep the frequency difference between 
the carriers constant.
The difference in frequency of the two I.F. signals is, therefore, independent

Fig. 1
Block diagram of a receiver in which the I.F. signals are amplified in separate 

channels.
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of the local oscillator frequency, although the frequency of any one of the 
I.F. signals varies with it. So far as satisfactory reception of the picture is 
concerned in a receiver according to the block diagram of fig. 1 this does 
not lead to difficulties. A variation in oscillator frequency of, for example, 
100 ke/s does not normally impair the picture quality. For sound reception, 
however, the situation is entirely different. The bandwidth of the sound 
section in the receiver is of the order of 150 kc/s, so that with a frequency 
deviation of 100 kc/s the carrier frequency is situated on one of the flanks 
of the response curve, resulting in distortion and high sensitivity to inter­
fering signals.
It may be gathered from the above that particularly in the frequency 
band from 174 to 216 Mc/s, tuning of the receiver becomes fairly critical, 
and frequency drift during the heating-up period should be less than 10 
to 20 kc/s. Moreover, variations in oscillator frequency due to microphony 
of the oscillator valve or components will result in a frequency modulation, 
which will be detected and reproduced by the loudspeaker. This may give

Block diagram of a
Fig. 2 

receiver using intercarrier sound.

rise to microphonie howl. These phenomena are most likely to occur when 
the oscillator frequency is high, i.e. in the band from 174 to 216 Mc/s. 
These difficulties can be avoided by taking advantage of the fact that the 
frequency difference between the two I.F. signals is independent of the 
frequency of the local oscillator. This has led to the development of 
intercarrier sound reception.
Fig. 2 shows the block diagram of a receiver with intercarrier sound. In 
this diagram, the picture and sound signals pass through one common chain 
of amplifier stages up to the video amplifier. The detector demodulates 
the picture signal in the normal way. The sound signal is also applied to 
this detector which, owing to its non-linear characteristic, acts also as a 
mixer, so that a signal with a frequency equal to the difference in frequency 
between the picture and sound signals can be taken from the load. This is 
the “intercarrier” signal. Since the frequency of the picture carrier is 
constant the intercarrier signal will contain only the original frequency mo­
dulation of the sound carrier.

The picture I.F. signal is modulated in amplitude and since this signal 
serves the same purpose as the oscillator signal in a conventional frequency 
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changer, the amplitude of the intercarrier signal will vary in sympathy 
with this modulation. This undesirable amplitude modulation can be kept 
low by taking care that the sound I.F. signal at the input of the video 
detector is several times smaller than the smallest instantaneous amplitude 
of the picture I.F. signal. The remaining amplitude modulation of the inter­
carrier signal can then be suppressed by an amplitude limiter combined 
with or preceding the sound detector. It should be noted that this limiting 
action is also required for limiting amplitude modulation resulting from 
interference.
It may be assumed that the picture and sound carriers induced in the aerial 
are of the same order of magnitude and it is therefore necessary to give 
the I.F. response curve such a shape, that the desired ratio between the am­
plitudes of picture and sound I.F. is obtained at the video detector. In the 
normal television receiver wave traps are included in the picture channel 
for completely suppressing the sound carrier. When intercarrier sound re­
ception is applied, however, the attenuation should not be greater than 26 db

Fig. 3 
Required shape of the response curve for intercarrier 

sound.

with respect to the centre of the pass band, as otherwise the sound I.F. 
signal at the detector would be too small. Moreover, the response curve 
should have such a shape that a flat portion occurs in the region of the sound 
I.F. This prevents amplitude modulation of the sound I.F. as a result of the 
frequency modulation. These amplitude variations would otherwise be 
detected and give rise to interference in the picture. To make tuning of the 
receiver less critical and to avoid the effects of frequency drift of the local 
oscillator, the width of the flat portion in the response curve (see fig. 3) 
should be several times greater than the total frequency sweep of the sound 
signal.
Although they are not essential for the reception of the picture, for undis­
turbed sound reception the picture transmitter must satisfy the following 
requirements:
1) The amplitude of the picture carrier must not drop below a certain 

critical value. If, for example, 100% modulation were applied, the picture 
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carrier would be entirely absent at certain intervals and interruption 
of the intercarrier signal during these intervals would result. According 
to the C.C.I.R. standards the instantaneous minimum amplitude of the 
picture carrier may not be smaller than 10% of the maximum amplitude.

2) The picture transmitter must be so designed that the amplitude modu­
lation of the carrier is not accompanied by frequency or phase modulation. 
This would result in interference in the intercarrier signal which cannot 
be removed.

3) Since the intercarrier frequency is determined by the frequency difference 
of the two carriers, this difference must be kept reasonably constant at 
the transmitter.

Circuit description

Before the video signal across the load of the detector is applied to the picture 
tube it is normally amplified by one or two stages of video amplification. 
Attempts might be made to use the video amplifier for amplifying the 
intercarrier signal before this is applied to the sound detector. The inter­
carrier signal would then become sufficiently large for frequency detection 
and a tuned amplifier stage preceding the detector would not be required. 
This method, however, has the following disadvantages.
The mutual conductance of the video amplifying valve varies with the 
instantaneous value of the video voltage applied to its input and this results 
in amplitude modulation of the intercarrier signal. Additional amplitude 
limitation is then required. The video signal at the input of the video 
amplifier must never become so large that the anode current of the tube 
would be momentarily interrupted, as this would lead to interruption of 
the intercarrier signal.
Another disadvantage is that the intercarrier signal must be taken from 
the anode of the video amplifying valve via a coupling element, which re­
duces the amplification of high video frequencies. A loose coupling with 
the video amplifier could be used when one stage for amplifying the inter­
carrier signal is included between the anode of the video amplifier and the 
frequency detector, but the danger of momentary interruption of the inter­
carrier signal remains.
The most satisfactory solution therefore consists in sacrificing the extra 
gain available in the video amplifier and taking the intercarrier signal 
directly from the video detector load. The intercarrier signal available at 
this point is approximately 30 mV, so that it is necessary to use one am­
plifying stage preceding the sound detector. Interference resulting from inter­
modulation in the video amplifier is, however, avoided.
In order to keep the intercarrier signal at the video detector load reasonably 
constant it is necessary to apply automatic gain control in the preceding 
I.F. amplifier and, if necessary, in the R.F. amplifier. Contrast control 
must then be effected in the video amplifier.
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Fig. 4
Circuit diagram of the video amplifier with the preceding stages for detection 
and A.G.C. The left-hand section of the EB 91 double diode serves as video 
detector and the right-hand section as A.G.C. diode. The I.F. voltages, on 
which picture and sound are modulated, are applied via lead a, L4 being the 
inductor of the final I.F. circuit. The intercarrier signal is taken off via lead 
b, whilst the complete video signal is fed to the synchronizing-pulse separator 
via lead c. For blanking the picture during the vertical retrace, flyback pulses 
are applied via lead d. The self-inductances of L2, L3 and L4 are 60, 130 and 

80 p.H respectively.
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Video detection and amplification

The circuit diagram of fig. 4 shows the video detector (left-hand section 
of EB 91), the A.G.C. circuit (right-hand section of EB 91) and the video 
amplifier (EF 80 plus pentode section of an ECL 80). The triode section 
of the ECL 80 triode pentode is not used.

The video signal is applied to the control grid of the EF 80 pentode 
via a series peaking coil L2, which serves to improve the response at high 
video frequencies. In order to prevent the video pentode from being perio­
dically cut off at high values of the I.F. voltage at the detector diode, it 
is necessary to arrange the circuit in such a way that only part of the D.C. 
component across the detector load R- is passed on to the pentode grid. 
This may be explained by reference to fig. 5.

At the given screen-grid voltage the grid base of the EF 80 pentode is 
approximately 4 V, whilst when the potentiometer RM is adjusted for maxi­
mum contrast (sliding contact in upper position) the voltage across the cath­
ode resistor is approximately 1.5 V. The video voltage across the load 
may have a peak-to-peak value of 4 V. With I.F. voltages corresponding 
to peak white in the picture the voltage across R7 is approximately 0.4 V, 
so that, when the entire D.C. component is passed on to the pentode, the 
maximum instantaneous negative 
grid voltage will be 1.5 + 0.4 + 
4 = 5.9 A7 (see fig. 5a). The syn­
chronization pulses would then fall 
beyond the cut-off point. To avoid 
this a voltage divider R5R6 is con­
nected across the diode load, so 
that only part of the D.C. com­
ponent is passed on to the pen­
tode. In the example given the 
peak whites now correspond to 
zero grid volts (see fig. 5b) and the 
synchronization pulses are no lon­
ger cut off.
Contrast control is effected by 
means of the potentiometer .Rlo. 
Moving the sliding contact up­
wards decreases the bias on the 
EF 80 pentode, whilst the nega­
tive feedback caused by the non­
bypassed cathode resistance is 
reduced (C8 only serves to improve 
the response at high video frequen­
cies). At the same time the positive 
bias at the cathode of A.G.C. diode 
is increased, so that a higher I.F. 
voltage will occur at the detector 
diode. When the sliding contact is

Fig. 5
Position of the video signal on the cha­
racteristic of the EF 80 pentode. The 
point O corresponds to a picture carrier 
signal of zero volts. Fig. 5a represents 
the case when the entire D.C. compo­
nent is passed on to the pentode. In 
fig. 56 only part of the D.C. compo­

nent is passed on.
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displaced in the opposite direction the contrast is reduced. The bias on 
the EF 80 pentode and the negative feedback are then increased and the 
delay voltage on the A.G.C. diode is reduced.

Since the pentode section of the ECL 80 valve operates as cathode follow­
er, resulting in a low effective input capacitance, the load resistance of the 
EF 80 pentode may be given a fairly high value without impairing the res­
ponse at high video frequencies. For a bandwidth of 5 Mc/s a load of 7.5 
kil is permissible if a series peaking coil L3 is used and the cathode resistance 
of the EF 80 pentode is bridged by a small capacitor C8.
The product of cathode resistance and capacitance of the EF 80 pentode 
influences the frequency response of this stage. Fig. 6 shows how the fre-

Fig. 6
The video gain plotted against frequency. The 
curve marked Cmax corresponds to the con­
dition when 7?10 is adjusted for maximum 
contrast, cmed to an average contrast control 

setting and Cmin to minimum contrast.

quency response depends upon the position of the contrast control. At 
maximum contrast the gain of the EF 80 pentode is approximately 28.
In the video signal applied to the pentode section of the ECL 80 valve the 
synchronization pulses are positive going. During these pulses grid current 
flows and the time constant of C9R15 has been chosen so high that peak 
detection occurs. This gives D.C. restoration. Variation of the contrast 
would, however, result in a corresponding variation of the black level. 
This has been avoided by applying the video signal not only to the cathode 
of the picture tube, but also to the control grid, in the latter case without 
the D.C. component. For this purpose a small resistor R^ is included in 
the anode circuit of the ECL 80 pentode. Across this resistor appears a 
video voltage having an amplitude of about 20% of the total video voltage 
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applied to the picture tube. Theoretically this ratio should be 50%, but it 
should be recognized that, owing to the curvature of the characteristic of 
the EF 80 pentode, the amplitude ratio between the synchronization pulses 
and the video voltage is changed.
In order to prevent variations in the black level during the frame period 
the time constant of the coupling network C^R^ must be given a sufficiently 
high value, so that the signal applied to the control grid of the picture tube 
is free from variations in synchronism with the frame frequency. This is 
obtained by choosing the product C1ORW large compared with the duration 
of the frame synchronizing signal. In the circuit diagram of fig. 4 this RC- 
product is 19 milliseconds.

The black level is, therefore, practically independent of the position of 
the contrast control. Small variations, which might occur owing to variations 
in picture content, are not objectionable, since the picture is not likely to 
be entirely white or entirely black, and the variations in the content of a 
normal signal are very small.
When the contrast control is adjusted for maximum contrast and the I.F. 
signal at the detector has a high value, it may occur that the video voltage 
applied to the picture tube has such an amplitude that grid current flows. 
This results in a reduction of contrast in those parts of the picture where 
the brightness is high and, when the video signal is further increased, shifting 
of the grey parts towards the black level.
The occurrence of these phenomena is therefore an indication that the 
drive of the picture tube is too large and that the contrast must be reduced. 
To prevent the grid current of the picture tube from becoming excessive 
the grid leak R23 is given a high value (330 kQ).
Another series peaking coil (LJ compensates for the attenuation of the high 
video frequencies of the signal taken from the cathode of the ECL 80 tube. 
The frame flyback is blanked by applying a flyback pulse from the frame 
output circuit to connection d. Since the impedance at the cathode of the 
ECL 80 is very low, it is necessary to include series resistance (2%) to provide 
a sufficiently high impedance for the flyback pulse. The capacitor 6% in 
parallel with 71% serves to prevent a drop in response at high video frequen­
cies that would be caused by the combination of R21 and the input capaci­
tance of the picture tube. The video signal is fed to the synchronizing pulse 
separator in the receiver via R1& and connection c.
There is no need to provide high-frequency compensation for the signal 
taken from the anode, since the anode resistance and capacitance are suffi­
ciently low to ensure reasonably uniform gain within the entire video band. 
The video signal at the cathode of the ECL 80 tube is 97%, of the signal 
at the control grid whilst that at the anode is 25%. The gain of this stage 
is therefore 1.22, which gives for the overall gain from the grid of the EF 
80 valve: 28 X 1.22 = 34. Owing to the presence of the potentiometer 
formed by the resistors R21 and R22 about 6% of the signal is, however, lost. 
When no signal is present the cathode voltage of the ECL 80 valve is 102 V, 
the anode voltage then being 190—25 = 165 V with respect to chassis. The 
maximum output voltage which can be supplied by the ECL 80 valve (video 
signal plus synchronizing pulses) is 102 + 25 = 127 Vp.t.p. Hence the output 
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voltage of the EF 80 valve must be 127/1.22 = 104 Vp.t-p. With a load 
resistance of 7.5 kil this amounts to an alternating anode current of 14 
mAp.tP. — a value which can easily be supplied by this valve.
In order to prevent the video signal at the control grid of the EF 80 valve 
from becoming too large, which would result in the synchronizing pulses 
being cut off, the A.G.C. must be such that the direct voltage across the 
load resistor of the detector does not exceed 4 V. In a television receiver 
equipped with one R.F. amplifying valve and four I.F. amplifying valves 
it is therefore advisable to apply A.G.C. to the R.F. amplifying valve and 
the first three I.F. amplifying valves.

The voltages and currents measured at the EF 80 and ECL 80 valves 
are summarized in the table below. The left-hand columns apply to an ad­
justment without signal and noise and with the contrast control adjusted 
to maximum contrast, while the right-hand columns were measured with 
the contrast control at an average setting and with input signal. All operating 
voltages quoted are voltages with respect to the chassis.

Operational data of the EF 80 and ECL 80 valves

EF 80 ECL 80

without 
signal

with 
signal

without 
signal

with 
signal

Anode voltage . 90 V 150 V 165 V 167 V
Screen-grid voltage . 190 V 190 V 190 V 190 V
Control-grid voltage —0.15 V —1.5 V 101 V
Cathode voltage . 1.5 V 1.5 V 102 V 93 V
Anode current . 13.5 mA 5.3 mA 14 mA 12.6 mA
Screen-grid current . 5 mA 2.5 mA 3 mA 2.85 mA
Anode dissipation . 1.2 W 0.88 W
Screen-grid dissipation. 0.95 W 0.48 W 0.26 W

The sound channel

It has been explained above that the intercarrier signal becomes modulated 
in amplitude owing to the amplitude modulation of the picture carrier. 
The magnitude of this amplitude modulation may be obtained from fig. 7, 
in which the intercarrier signal at the detector load is plotted against the 
picture carrier voltage, for different values of the sound carrier, both at the 
input of the detector. It will be seen that with a sound carrier voltage of 
100 mVrms and a picture carrier varying between 3 and 0.3 Vrms the inter­
carrier voltage varies between 30 and 15 mVrma. This modulation must not 
occur in the output of the F.M. detector, so that amplitude limiting must 
be applied.
In the circuit fig. 8 limitation is obtained by using the F.M. detector valve 
EQ 80, in which the functions of detection and amplitude limitation are 
combined, and by rectifying the amplitude modulation and feeding it back 
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Fig- 7
The intercarrier voltage at the load 
of the detector diode plotted against 
the picture carrier voltage at the input 
of the detector, with the sound carrier 
voltage at the input of the detector as 

parameter.

to the control grid of the preceding amplifier valve. When the phase of the 
feedback voltage is correct, amplitude modulation is very greatly reduced 
before the signal is applied to the F.M. detector. The total limitation obtained 
with the circuit of fig. 8 is so great that synchronization rattle is absent 
at all settings of the contrast control.
In addition, the circuit has been so arranged that, when the intercarrier 
signal at the F.M. detector is too small for interference-free detection, the 
EQ 80 valve is blocked, so that rattle, noise and microphony are efficiently 
suppressed. Due to the high total limitation factor, the adjustment of the 
EQ 80 valve is not critical. It is, for example, not necessary to use a cathode 
resistor of small tolerance, as would have been necessary if the amplitude 
limitation were only just sufficient 
under the most favourable opera­
ting conditions. The circuit diagram 
of fig. 8 will now be described in 
more detail. The EF 80 pentode 
operates as a normal amplifier.
The circuit L3C13 is connected via 
a coupling capacitor Cj3 of 8.2 pF 
to the load resistor of the video 
detector, the combination being 
tuned to the intercarrier frequency 
of 5.5 Mc/s. The value of C13 has 
been so chosen that stability of the 
pentode amplifier is ensured and 
that the voltage gain between the 
control grid and the detector load 
reaches the optimum value. In 
trimming the input circuit of the 
EF 80 tube the signal generator 
should not be connected directly to the load of the video detector, but via 
a resistor. Direct connection would result in instability of the amplifier, 
owing to the absence of the damping introduced by the detector load R7. 
The voltage gain in the input circuit is 8, i.e. the intercarrier voltage across 
LgCyg is 8 times that across R7. The anode of the pentode is connected 
to a capacitive tap, which is necessary to ensure stability. Ls is a small 
R.F. choke for parallel feed to the anode. The voltage gain between the 
control grid of the pentode and the fifth grid of the EQ 80 tube is approx. 40. 
Before proceeding further with the description of the circuit of fig. 8, it will 
be necessary to give a brief description of the operation of the EQ 80 F.M. 
detector valve. A detailed description of this valve is given in Book III A 
of this series.
In contrast to many other F.M. detector circuits, in which the frequency 
modulation is first converted into an amplitude modulation before demodu­
lation takes place, the operation of the EQ 80 is such that the anode current 
is a function of the phase difference between the signal voltages applied 
to the third and the fifth grids. Graphs in which the anode current of the 
valve is plotted against the voltages at g3 and g- respectively, are given
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Fig- 8
Circuit diagram of the sound channel. The intercarrier signal is taken from 
the load of the video detector via the capacitor C13 (see also fig. 4). The A.F. 
output voltage at connection e can be applied to the A.F. output stage. Ls 
is an R.F. choke of approx. 1 mH. Details of La and L6L, are given in the text. 



in figs. 23 and 24 on pages 172 and 173. During normal operation the negative 
bias on these grids is approximately 4 V, whilst the first grid is connected 
to the cathode. The screen grids g2, g, and g6 are interconnected internally, 
and have an operating voltage of approx. 20 V with respect to the cathode. 
The grids g3 and g- are connected to the secondary and primary respectively 
of an I.F. transformer, which is tuned to the signal frequency (see fig. 8). 
At resonance the phase difference between the two voltages is 90°, this 
difference increasing with increasing signal frequency and decreasing with 
decreasing frequency. As a result of the shape of the valve characteristics, 
anode current can flow only when both the grids g3 and g3 are positive simul­
taneously. The flat trend of the characteristics for positive voltages on these 
grids results in the anode current varying very little with the signal amplitude, 
provided the r.m.s. value of these voltages is greater than approximately 
8 V. This gives amplitude limitation, because variations in signal amplitude 
have a very small influence upon the mean anode current.
The detector operation may conveniently be explained by reference to 
fig. 9, where the anode current is shown for different phase angles between 
the signal voltages at gs and y5. At a phase difference of 90° (signal frequency 
corresponding to resonant frequency), during each period an anode current 
pulse occurs as represented by the block II. With smaller phase difference 
the width of the pulse increases (see I), whilst with a greater phase difference 
the pulse width is decreased.
The anode circuit of the EQ 80 always has parasitic capacitance and by 
increasing this intentionally, the alternating components of the anode current 
are effectively bypassed, so that a direct voltage on which no pulse ripple 
is present occurs across the load resistance. The total capacitance in the 
anode circuit is, however, so small that audio-frequency variations in anode 
current can be followed. The A.F. voltage thus appearing across the load

Fig. 9
Anode current of the EQ 80 for different phase angles between the signal 

voltages at the third and the fifth grids.
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is caused by A.F. variations in the phase difference of the signals applied 
to g3 and g5.
It is thus seen that the frequency modulation of the signal gives rise to 
a corresponding modulation of the phase difference of the signal voltages 
at g3 and g5 and that the latter modulation is detected by the valve. The mean 
anode current of the EQ 80 is an almost linear function of this phase differ­
ence. Moreover, the variation in phase difference is almost directly propor­
tional to the frequency deviation, provided the total phase sweep is kept 
between certain limits, which may be ensured, according to the relative fre­
quency sweep of the signal, by damping the secondary of the I.F. transformer 
(see R33 in fig. 8).
In most F.M. detector applications the first grid of the EQ 80 is connected 
to the cathode. If, however, a negative voltage of about 2 V is applied to 
this grid the anode current is blocked. It is by making use of this property 
that the F.M. detector is blocked when the signals at the third and fifth grids 
are too small to give interference free detection. The signal voltages required 
for satisfactory amplitude limitation are 8 Vrms at each signal grid.
The circuit of fig. 8 has been so arranged that when no signal is received 
the first grid is at chassis potential, the bias with respect to the cathode 
then being 4 V (voltage across B37). With increasing signal strength the 
first grid goes positive with respect to the chassis, until its potential reaches 
that of the cathode and a further increase is prevented by the occurrence 
of grid current. The control voltage is obtained from the circuit operating 
with the germanium diode Type OA 51.
This diode rectifies the alternating voltage across the primary of the trans­
former L9Lg, the junction of the load resistors R^ and Rai being earthed. 
At the anode side of the diode (arrow) a negative voltage with respect to 
earth occurs, and at the cathode (bar) a positive voltage. The resistors R^ 
and R31 have been so chosen that the positive voltage is about twice the 
negative voltage.
In parallel with the load of the germanium diode is connected a voltage 
divider consisting of R32 to R3~. The junction between R32 and R^ is con­
nected to the first grid of the EQ 80, whilst the junction of R:a and B34 
is connected to the bottom of the tuned circuit L&CW via the decoupling 
resistor R26. The relation between the various resistors in the bridge circuit 
around the germanium diode is such that:

A32 + R33  -^34 + -^35 ,
A30 -^31

which means that when the first grid of the EQ 80 does not draw current 
the control grid of the EF 80 pentode is at chassis potential.

In fig. 10 the various voltages occurring in the circuit containing the ger­
manium diode type OA 51 are plotted against the intercarrier voltage at 
the control grid of the EF 80 pentode. For signal voltages between 0 and 
200 m Vrms the various voltages increase linearly. With larger signal voltages 
the potential of the first grid of the EQ 80 becomes gradually equal to the 
cathode potential of this valve, so that grid current flows. The bridge circuit
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Fig. 10
Voltages at various points in the cir­
cuit of fig. 8, plotted against the inter - 
carrier signal at the control grid of the 
EF 80 valve. It should be borne in 
mind that the voltage gain in the 
control-grid circuit of this valve is 8.

formed by the resistors £30 to 
£35 is then thrown out of balance 
and a negative voltage is applied 
to the control grid of the EF 80 
pentode.
It is seen that with signal voltages 
up to 200 mVrms the EF 80 ope­
rates at maximum mutual con­
ductance, whilst the EQ 80 
valve is initially blocked. When 
the alternating voltage at the fifth 
grid of the EQ 80 reaches approx. 
6 Vrmg detection occurs. At the 
same time A.G.C. is applied to the 
EF 80 pentode, which prevents 
the occurrence of excessive signal 
voltages at g3 and g& of the EQ 80. 
This is so arranged because the 
limiting action of the EQ 80 is 
most favourable with signal volt­
ages of approx. 8 Vrms. Due to 
the unwanted amplitude modula­
tion of the intercarrier signal, an 
alternating voltage is developed 
at the anode of the germanium 
diode in addition to the direct volt­
age. The capacitors Clt and C] 5 in 

the grid circuit of the EF 80 pentode have only a small value, so that by shunt­
ing £34 with a fairly large capacitor practically the whole of the rectified alter­
nating voltage is applied to the control grid of the EF 80. The phase of this alter­
nating voltage is such that, owing to the curvature of the characteristic 
of the EF 80, the amplitude modulation of the intercarrier signal is coun­
teracted. With small signal voltages, when the EQ 80 is inoperative, the 
limiting factor thus obtained is 1.5, whilst with a signal voltage of 1 V on 
the control grid of the EF 80 the limiting factor is 3.5. The total limiting 
factor, including that of the EQ 80, is therefore very large, so that efficient 
suppression of interference and synchronisation rattle is obtained.
For a signal voltage of 8 Vrms on the fifth grid of the EQ 80 a signal of 
250 mVrms is required at the control grid of the EF 80 (seefig. 10). The 
voltage gain in the grid circuit is 8, so that the intercarrier voltage at the 
load of the video detector must be 32 mVrms. With an I.F. picture carrier 
voltage of 3 Vrmg at the input of the video detector the sound carrier must 
then be at least 120 mVrmg (see fig. 7).
Fig. 11 shows the response curves of the intercarrier amplifier. These curves 
were determined by applying two signals to the input of the picture channel 
of the receiver, one signal having a fixed frequency of 23.75 Mc/s and the 
frequency of the other being varied between 18.0 and 18.5 Mc/s. In fig. 11
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Fig- U
Response curves of the sound chan­
nel, plotted against the sound I.F.

the frequency of 18.25 Mc/s therefore 
corresponds to the intercarrier fre­
quency of 5.5 Mc/s.
In fig. 12 is shown a statically mea­
sured detection curve of the EQ 80. 
It is seen that with a total frequency 
sweep of 50 kc/s the anode voltage 
variation is 90 V. The dynamic load 
of the EQ 80 is, however, half the 
static load, so that a total frequency 
sweep of 50 kc/s results in an alter­
nating voltage of 16 Vrms at the 
anode.
For full output of a PL 82 output 
pentode 6 to 7 Vrms is required at 
the control grid, and it is clear that 
this is obtained with a total fre­
quency sweep of approx. 20 kc/s.

The dimensions of the inductors L5 and L6L7 in the circuit diagram of 
fig. 8 are given in figs. 13 and 14. The 
inductor L5 is wound on a former hav­
ing a diameter of 7 mm. An iron-dust 
core of 6 mm diameter is used for 
tuning. The screening can has a dia­
meter of 19 mm and a height of 22 mm. 
The winding consists of 63 turns of 
enamelled copper of 0.12 mm diame­
ter, wound in one layer without 
spacing between turns. The self-induct­
ance is approx. 29 [xH, the quality 
factor Q is 36.5, giving an impedance 
of 38 k£2 in the control-grid circuit of 
the EF 80.
Fig. 14a gives the dimensions of the 
transformer L6L7, the screening can 
of which is 30 mm in diameter and 
60 mm high. Both windings have 34 
turns of enamelled copper of 0.2 mm 
diameter, wound in one layer without 
spacing between turns. The self-induct­
ance of each winding is 15 gH and 
the total tuning capacitances 56 pF.

Anode voltage of the EQ 80
valve plotted against the sound 

I.F.
The mounting position on the receiver chassis is shown in fig. 146, in which 
8 is a screening plate having a height of approx. 5 cm.
The primary of the transformer is damped by the circuit containing the 
germanium diode type OA 51 (damping approx. 50 k£2 for signal voltages 
smaller than 8 Vrmg), and the secondary by an additional damping resistor 
R36 of 39 k£2. With these extra dampings the coupling KQ is 1.2, the impe­
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dance of the primary 20 kG and that of the secondary 18.2 kG, from which 
it follows that the input impedance is 8.2 kG. The product of this input 
impedance and the impedance in the grid circuit of the EF 80 is too great 
to ensure stability. The anode is therefore connected to a tap of 0.7 on the 
primary, where the input impedance has a value of 0.72 X 8.2 = 4 kG. 
The following table gives the currents and voltages of the EF 80 and EQ 
80 valves under no-signal conditions. The voltages are measured with respect 
to the chassis, the first grid of the EQ 80 being connected to the cathode. 
The figure given for the screen-grid current of the EQ 80 also includes the 
current in the bleeder resistor R33.

EF 80 EQ 80

Anode voltage . 180 V 85 V
Screen-grid voltage. 180 V 24 V
Control-grid voltage. . 0 V 4 V
Cathode voltage . 2.2 V 4 V
Anode current . 10 mA 0.3 mA
Screen-grid current . 2.5 mA 6.2 mA

72275

Fig. 13 
Dimensions of the inductor

162



a

Fig. 14
a. Dimensions in mm of the transformer LtL7. 
b. Position on the receiver chassis.
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Flywheel synchronization
In the description of the application of the PL 81 line-output valve on pages 
109 to 125, a circuit for flywheel synchronization is described, in which the 
triode-hexode type ECH 42 is used as coincidence detector. The mean anode 
current of this valve, and therefore also the anode voltage, are determined 
by the amount of overlapping of the line synchronizing pulses and the flyback 
pulses obtained from the line-output stage. A deviation of the frequency 
of the multivibrator driving the output stage then results in a corresponding 
variation in anode voltage of the coincidence detector, which compensates 
the original frequency deviation. This action is due to the fact that anode 
of the coincidence detector provides the bias for one of the grids of the 
multivibrator. When, therefore, the repetition rate of the synchronization 
pulses is increased or decreased, a variation in anode voltage of the coinci­
dence detector occurs, causing a corresponding variation of the multivibrator 
frequency. This type of automatic frequency and phase control is, of course, 
effective only for deviations between certain limits.
The triode-hexode operates entirely satisfactorily in such circuits. It has 
one disadvantage, however, in that the triode grid is internally connected 
to the third grid of the hexode. It is true that the triode grid functions as 
a peak detector for the differentiated line synchronizing pulses, but the 
triode is not available for other purposes, such as amplification or limitation 
of the synchronizing pulses. Differentiation of the synchronizing signal, 
before it is applied to the triode grid, is necessary to prevent variations in 
mean anode current of the coincidence detector during the frame synchro­
nization pulses.
In the triode-pentode type ECL 80 two valve sections are available which, 
except for the common cathode, are not interconnected internally. The 
pentode section of this valve may very well be used as a coincidence detector, 
so that the triode remains for amplifying and limiting the synchronizing 
signal. A circuit in which the ECL 80 is used in this way is described 
below.
The enneode type EQ 80 has been designed primarily for use as an F.M. 
detector, but since this valve has three control grids it is also very suitable 
for flywheel synchronization circuits. The shape of the characteristics is 
such that a considerable degree of immunity to interference can be obtained. 
A circuit using this valve is also described.

Circuit with the ECL 80 triode pentode

A circuit in which an ECL 80 triode pentode is used as coincidence detector 
is shown in fig. 15.
The complete video signal from the output of the video amplifier is applied 
via lead A, the coupling network Ci5R22 and the parallel combination 
C16.R23 to the control grid of the pentode P,. The time constant of C15R22 
has been so chosen that peak detection occurs, so that only the synchronizing 
pulses fall within the grid base of the pentode. In order to obtain effective 
separation at low settings of the contrast control, the grid base has been kept 
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small by employing a low screen-grid voltage of approximately 16 V, which 
is obtained by means of the voltage divider R2iR25.
The parallel combination Ge-Ga serves to prevent the pentode P, from be­
coming temporarily inoperative when interference pulses of large amplitude 
and short duration occur. If the control grid were connected directly to the 
junction of Gs and G2> Hle valve would be driven into grid current on the 
occurrence of an interference pulse of large amplitude and capacitor C15 
would be charged negatively. At the end of the pulse, therefore, the pentode 
would be blocked, and since the combination C15R22 has a comparatively 
large time constant, the synchronizing signal at the anode would fail for 
an appreciable time. Owing to the presence of Ge-Ga- °i which the time 
constant is small compared with that of Gs-G2> when an interference pulse 
of short duration occurs equal charges are supplied to each capacitor. Since,

Fig. 15
Circuit for flywheel synchronization, with the pentode section of an ECL 80 

triode pentode as coincidence detector.
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however, C13 is much smaller than 6% the voltage across C16 becomes much 
greater than that across 6%, but 6% is rapidly discharged via 7% because 
the time constant of this combination is small. The pentode is thus blocked 
for a very short period only.
At the anode of the pentode a synchronizing signal the pulses of which are 
negative going is available, this signal being applied to the grid of the triode 
T2 via the parallel combination C2R3. The latter valve inverts the phase 
of the synchronizing signal, so that at point B the pulses are positive going. 
The coupling between the anode of P, and the grid of T2 is rather uncon­
ventional in that a capacitor for blocking the D.C. potential of the anode 
is not used. This results in grid current in the triode, which is interrupted

Voltages on the third and the first grids of the 
pentode and the resulting anode current pulses.

only during the synchronizing pulses. This current flows through the resis­
tors R3 and /¿26 and reduces the anode voltage of Pv It is desirable to operate 
this valve at a low anode voltage, because during the synchronizing pulses 
the anode voltage then drops to a value below the knee in the Ia/ Va charac­
teristic, so that efficient limitation is obtained.
The synchronizing signal at point B is differentiated by the circuit G3R3 
and then applied via the coupling capacitor C- to the third grid of the pentode 
P2 which operates as a coincidence detector. The time constant of CSR& 
is large compared with the duration of a line period so that, dependent 
upon the voltage on the first grid, rectification occurs, giving a wave form 
on the third grid as shown in fig. 16a, in which the dot-dash line represents 
the cut off level of the third grid.
To the first grid of the coincidence detector P2 are applied flyback pulses 
obtained from the output transformer for horizontal deflection (see point 
D in fig. 15). This results in peak detection, so that current can flow in the 
pentode only during the peaks of these pulses. This is shown in fig. 166, 
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in which the dot-dash line represents the cut off voltage of the first grid. 
Fig. 17 shows the anode current of the pentode P2 as a function of the voltage 
at the third grid, with the control-grid voltage as parameter. From this 
figure and from fig. 16 it may be deduced that the anode current pulses will 
have a shape as shown in a somewhat idealized form in fig. 16c.
It will be seen that the mean anode current will have the highest value when 
the starting points of the synchronizing pulses and the flyback pulses almost 
coincide, and that with delayed flyback pulses the mean anode current de­
creases. The time constant in the screen-grid circuit of P2 is comparatively 
small (see C, in fig. 15), so that the screen-grid voltage drops during the

Anode current of the pentode section 
of an ECL 80 triode pentode plotted 
against the voltage on the third 
grid. The curves were determined 
with a screen-grid voltage of 40 V, 
an anode voltage of 12 V and with 
the control-grid voltage as para­
meter. The screen-grid and anode 
voltages are about equal to those 
occurring during normal operation.

of the asymmetrical type, i.e. the

time the control-grid voltage is above 
the cut off level. The anode current 
therefore decreases during each anode 
current pulse (see fig. 16c).
The part of a complete period during 
which anode current flows may be 
termed the “current angle”, and it has 
been shown that with an increasing 
current angle the mean anode current 
increases and thus the anode voltage 
decreases. With a decreasing current 
angle the anode voltage increases. 
The variation in anode voltage of the 
coincidence detector P2 is used to 
control the frequency of a multivi­
brator (see T3 and P3 in fig. 15) in 
such a way that deviations of the mul­
tivibrator frequency from the synchro­
nizing pulse frequency are corrected. 
The multivibrator generates a saw­
tooth voltage suitable for driving the 
line output pentode. The triode^ and 
the part of the pentode P3 consisting 
of the cathode, the control grid and 
the screen-grid form a multivibrator

negative-going half periods of the saw­
tooth voltage at the anode of P3 have a much shorter duration than the 
positive going half periods. This is ensured by choosing different time con­
stants for the RO circuits CnR16 and During the short intervals
in each period that the pentode conducts, the capacitor C13 is discharged 
and charged exponentially during the time between these intervals. The 
resistor serves to provide a negative pulse during the intervals that the 
capacitor is discharged. The negative pulse is required to block the line output 
pentode during the flyback. The use of the screen grid of the pentode P3 
as an anode in the multivibrator circuit has the advantage that the influence 
of the line output stage upon the multivibrator is kept very small.
A tuned circuit LC10 is included in the anode circuit of the triode T3. This 
circuit can be tuned to the line frequency of 15625 c/s by means of a Ferrox- 
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cube core and stabilizes the frequency of the multivibrator. The inductor 
and the capacitor are available as one unit under the type number 10924. 
In order to reduce variations in the current angle as a result of mains voltage 
fluctuations a voltage stabilizing tube type 85 A2 is used to stabilize the 
screen-grid supply of the coincidence detector. The anode of the triode T3 
is fed from a voltage divider between the H.T. supply line and the voltage 
stabilizer. Variations in the screen-grid voltage of the coincidence detector 
would result in anode current variations. In order to maintain synchroniz­
ation, these variations must be compensated by a corresponding variation 
of the current angle. This variation in current angle is manifest as a horizontal 
displacement of the picture.
The bottom end of the leak resistance in the control-grid circuit of the 
pentode P3 is connected to the anode of the coincidence detector, whilst 
a network CSC9R13 is included between this anode and the chassis. 
This network serves to prevent the occurrence of periodic variations 
in the anode voltage of the coincidence detector at the beginning 
of the vertical scan. If such a network is not used, or if it is not 
correctly dimensioned, the periodic variations in anode voltage are accom­
panied by corresponding variations in the current angle and a damped oscil­
latory horizontal displacement of the picture, starting at the top. The varia­
tion in anode voltage of the coincidence detector is due to the fact that 
during the vertical blanking period synchronizing pulses of a different form 
than those occurring during the vertical scan are applied to the third grid. 
This results in variations in the mean anode current and voltage of the 
coincidence detector, in synchronism with the vertical scanning frequency. 
The parasitic anode current pulses will have a damped oscillatory character 
when the network CSC9R13 is not correctly dimensioned, and give rise to 
waved vertical sides of the picture. When correctly dimensioned the network 
gives critical damping for the parasitic pulses.
Although it is possible to prevent the occurrence of oscillatory anode voltage 
variations of the coincidence detector, the mean anode current and voltage 
will assume a different value during the vertical blanking period. The mag­
nitude of the deviation depends to a considerable extent upon the dimensions 
of the differentiator network C3RS. When the deviation is great the current 
angle at the end of the vertical blanking period will differ quite considerably 
from that at the beginning. This is manifest in a curvature of the vertical 
sides at the top of the picture. Whether the vertical sides are curved towards 
the left or the right depends upon whether the mean anode current of the 
coincidence detector at the beginning of the vertical blanking period is 
greater or smaller than that at the end. The circuit C3RS in combination 
with C3R6 has been so dimensioned experimentally that the variation in 
mean anode current during the vertical blanking period is as small as 
possible, so that the hold control £15 can be varied over a wide range without 
causing curved vertical sides in the picture. The current angle is influenced 
by the position of R15, so that a horizontal displacement of the picture 
occurs when R15 is altered.
Fig. 18 gives the relation between the multivibrator frequency and the anode 
voltage of the coincidence detector. This curve corresponds to one given 

168



setting of the horizontal hold control Ga> with other settings the curve is 
shifted in the horizontal direction.
The wave form of the synchronizing signal on the third grid of the coinci­
dence detector and the direct voltage on this grid resulting from detection 
depend not only upon the dimensions of the RC circuits C3RS and C5R6, 
but also upon the current angle. When the third grid is sufficiently positive 
and the valve is not blocked by a negative voltage on the first grid the third 
grid will draw current. The preceding circuits are then loaded, which results 
in a reduction of the third-grid voltage during the current angle, as can be 
ascertained by examining the current angle by means of an oscilloscope.

Fig. 18
Relation between the multivibrator 
frequency and the anode voltage of 

the coincidence detector.

The temporary reduction of third-grid 
voltage does not influence the anode 
current to any appreciable extent, be- 
sause with positive third-grid voltages 
the anode current is fairly constant 
(see fig. 17).
It may be seen from fig. 16that the tot­
al variation in current angle can never 
be greater than the width of aline syn­
chronizing pulse, so that the horizontal 
displacement of the synchronized pic­
ture as a result of variation in current 
angle cannot be greater than 9/91 = 
approximately 10% of the total pic­
ture width. With a picture having a 
total width of 29 cm the maximum 
displacement is therefore 29 mm.
With the circuit of fig. 15 it has been 

found experimentally that synchronization could be maintained over a 
total horizontal displacement of the picture of 24 mm. The anode voltage 
of the coincidence detector is plotted in fig. 19 against the horizontal dis­
placement. Since the mean anode voltage decreases with increasing current 
angle a low anode voltage corresponds to a large current angle.
It has been indicated previously that during the current angle the anode 
current drops. This is due to the small bypass capacitor between screen grid 
and earth. The relative drop in anode current will be greater when the current 
angle is greater, which explains the flat trend of the curve in fig. 19 with low 
anode voltages. In this region large variations in current angle give only 
small variations in mean anode current or voltage. This is no real disad­
vantage, because in the steep part of the curve the variation in mean anode 
voltage is still 8 V, which, according to fig. 18, corresponds to a frequency 
range of the multivibrator of 0.6 kc/s.
The screen-grid bypass capacitor C4 has been made small intentionally to 
assist in preventing a large variation in mean anode current during the ver­
tical blanking period. The vertical synchronizing signal is interrupted by 
inverted horizontal synchronizing pulses, the repetition frequency of which 
is twice that of the normal horizontal synchronizing pulses, see fig. 20, 
which represents the voltage at the third grid of the coincidence detector
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.3 73311
during this time .The ends of the invert- i |
ed pulses correspond to the starts 16 1-----------------------------------------
of the normal horizontal synchronizing 11it \__________________________
pulses shown in fig. 16, so that after 
the occurrence of, for example, each 
of the pulses a, b and c in fig. 20 anode 
current can flow for a comparatively 
long time, because the positive peak 
in third-grid voltage is not immedi­
ately followed by a negative peak. A 
large increase in mean anode current 
during this time is prevented by a 
drop in screen-grid voltage, which is 
obtained by giving C4 a low value. 
A very good way of assessing the use­
fulness of a synchronizing circuit is to 
observe its performance with a mutilat­
ed synchronizing signal. In this res­
pect the circuit represented in fig. 15 
is very satisfactory. Owing to the fact 
that, with positive voltages on the 
third grid of the coincidence detector,
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Fig. 19
Anode voltage of the coincidence 
detector plotted against the hori­
zontal displacement of the picture. 
This displacement corresponds to a 
total picture width of 29 cm, as on 

an MW 36-24 picture tube.

the anode current varies but little
with varying third-grid voltage, an increase of the amplitude of the syn­
chronizing signal will produce only a small variation in mean anode
current.
Insensitivity to failure of the synchronizing signal for a short time, for 
example as a result of interference, is obtained by choosing the circuit 
parameters such that in the absence of a synchronizing signal the coincidence 
detector is automatically adjusted at a mean anode current corresponding 
as closely as possible to the mean anode current during synchronization. 
How closely this ideal performance is approached depends upon a large num­
ber of factors, but mainly upon the bias on the third grid and the way in 
which this is obtained. The circuit parameters given in fig. 15 were deter­
mined experimentally for optimum performance in this respect.
In the course of this description the function of the triode T± in fig. 15 
has not been mentioned. This triode operates as a blocking oscillator for 
generating the saw-tooth voltage driving the frame output pentode. The 
output voltage taken from the anode can drive a PL 82 output pentode.

A standard blocking transformer is 
used, which is available under type 
number 10850. The blocking oscilla­
tor is synchronized by means of the 
complete synchronizing signal at point 
B, which is applied to the grid cir­
cuit via two integrating circuits. 6% 
serves only for blocking the D.C. 
potential, I?31 being the vertical hold 
control.

Fig. 20
Voltage at the third grid of the 
coincidence detector during the 

frame synchronizing signal.
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Circuit with EQ 80 enncodc

A circuit for flywheel synchronization in which an EQ 80 enneode is used 
as phase detector is shown in fig. 21. With this tube three control grids are 
available, thus offering great flexibility in circuit design.
Those characteristics of the EQ 80 which are important for explaining its 
operation as a phase detector, are given in figs. 22, 23 and 24. It is seen that 
at the supply voltages indicated, a bias of —2 V is required at the first grid 
for blocking the anode current. At the third and the fifth grids a bias of 
approx. —10 V is required, when the first grid voltage is zero. It may also 
be observed that the anode current increases almost linearly, when the 
negative bias at g3 and g5 is reduced, and that with positive voltages on 
these grids the anode current is practically constant.
The complete video signal is applied to the circuit of fig. 21 via lead A. 
The pentode P, serves as synchronizing pulse separator for synchronizing 
the blocking oscillator for vertical deflection built around the triode

Fig. 21
Circuit for flywheel synchronization with the EQ 80 enneode as phase detector.
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grid, with the voltage on the fifth grid as parameter.
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The RC circuit G5G7 ’n the input lead of the synchronizing pulse separator 
suppresses interference pulses of short duration and spurious H.F. signals. 
The separated signal is integrated by the combination R28 and Clg and applied 
via C2o 1° the anode of the blocking oscillator. The output voltage of the 
blocking oscillator is taken from the charge capacitor C22 in the grid circuit. 
The complete signal is also applied to the first grid of the EQ 80. Peak detec­
tion occurs here so that only the synchronizing pulses fall within the grid 
base. During the intervals between the pulses the valve is therefore blocked. 
In series with the first grid a parallel combination R2C2 is included and 
serves to reduce the effect of interference pulses of short duration.
When the EQ 80 is not blocked by a negative voltage on the first grid anode 
current can flow only when the potentials of g3 and p5 are not highly negative.

Fig. 24
Anode current of the EQ 80 enneode plotted against the voltage on the fifth 

grid, with the voltage on the third grid as parameter.

For the time being it will be assumed that is at cathode potential. To the 
third grid is applied a signal taken from the multivibrator (valve sections 
P2 and T^. This voltage is the sum of a saw-tooth voltage occurring across 
O9Gs an<l Hlc sinusoidal voltage across the tuned circuit type 10924. The 
amplitude of this signal and the bias of g3 (see R^Rg) have been so chosen 
that the steep part AB of the graph in fig. 25, in which the point A coin­
cides with the start of the flyback in the line output circuit, covers a voltage 
range approximately equal to the third-grid base.
With normal operation a synchronizing pulse occurs for example at the in­
stant marked t in fig. 25. Since during this pulse the first grid is at cathode 
potential an anode current pulse will be produced as represented by p. A 
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variation in the relative phase will cause the synchronization pulse to move 
up or down the steep section AB. With a multivibrator frequency lower 
than the repetition frequency of the synchronization pulses, for example, 
the next synchronizing pulse will occur at the instant t', giving an anode 
current pulse p’. This results in a decrease of the mean anode current and 
a consequent increase of the mean anode voltage, which corrects the relative 
phase in the required direction. Under stationary conditions, therefore, the 
synchronizing pulses will occupy positions on the sections AB, A'B' etc., 
so that equilibrium exists between the frequency and phase of the multi­
vibrator and the corresponding mean anode voltage of the phase detector. 
In this way a very efficient form of automatic frequency and phase control 
is obtained. There are, however, two important disadvantages, which impair

Operation of the EQ 80 as phase detector. This figure 
represents the case when the fifth grid is connected to

the cathode.

the performance of the circuit. First of all its sensitivity to interference pulses 
is very high. If, for example, an interference pulse occurs at the instant t" 
an anode current pulse p" will be produced. This pulse influences the mean 
anode current and thus the phase and frequency of the multivibrator. It 
may be seen from fig. 25 that interference pulses occurring when the instan­
taneous third-grid voltage is only slightly negative will have a relatively 
large influence upon the mean anode current. Secondly, the fact that the 
form of the synchronizing signal changes considerably during the vertical 
blanking period results in a large variation of the mean anode current, 
so that the multivibrator frequency changes considerably during the vertical 
blanking period.
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The sensitivity to interference and the change in multivibrator frequency 
during the frame blanking period can be reduced considerably by applying 
flyback pulses from the line output transformer to the fifth grid of the E Q 80 
(see lead D in fig. 21). The bias on the fifth grid is the same as that of 
the third grid, from which it follows that anode current can only flow during 
the flyback pulses.
The duration of the flyback pulse is much shorter than that of the part 
of the alternating voltage applied to g3 which falls within the grid base. It 
is thus seen that when g5 is connected to the cathode, interference pulses 
have an opportunity to influence the mean anode current during a great 
part of the horizontal scanning period, whilst, when flyback pulses are 
applied to this grid the tube can draw anode current only during approxi­
mately 10% of the scan.
An important advantage is also that the starts of the flyback pulses coincide 
with the points A, A' etc. in fig. 25. The sections AB, A'B' etc. cover 
about 20% of the total scanning period, so that the valve can draw current 
only during the first half of each of these sections. During the time that 
an interference pulse could give rise to a large anode current pulse (see p" 
in fig. 25), the valve is therefore blocked, thus preventing anode current flow. 
A reduction in the variation of mean anode current during the frame blanking 
period is obtained in two ways. First, the capacitors (J and C5 are so chosen 
that the time constants in the cathode and screen-grid circuits are small 
compared with the duration of the frame blanking. This gives a form of 
negative feedback counteracting a variation in mean anode current in syn­
chronism with the frame synchronization. Secondly, as indicated above, 
flyback pulses are applied to the fifth grid. The influence of this upon the 
variation in mean anode current during the frame blanking can best be 
explained on the basis of fig. 26, in which, however, the actual scale has 
not been adhered to.
In fig. 26 the voltages at the first grid and at the third grid of the phase 
detector during the vertical blanking period are plotted against time. If 
the fifth grid were connected to the cathode the mean anode current of the 
EQ 80 would be determined by the hatched areas. By applying flyback 
pulses to this grid, however, the mean anode current during the frame blank­
ing period is kept much smaller. In this case anode current can flow only 
during the intervals rp t2 etc., as indicated by the cross hatched areas.
Fig. 27 shows the relation between the frequency of the multivibrator and

72321

T1 r2 L 0. T5 Tg r7 Ts Tg r10 Ty 7/2 Tjg

Fig. 26
Voltages on the first and the third grids of the phase detector during the 
frame blanking period. By applying flyback pulses to the fifth grid an anode 

current flows as represented by the cross hatched areas.
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The multivibrator frequency plotted 
against the anode voltage of the 

phase detector.

the anode voltage of the phase detec­
tor. This curve, of course, applies to 
a given setting of the horizontal hold 
control R1S.
If a potentiometer of poor quality is 
used for R18 erratic variation of the 
multivibrator frequency may be ex­
perienced during adjustment. This can 
be avoided by connecting this potent­
iometer between the anode of the 
phase detector and the filter CwRliC13. 
The filter then has a smoothing effect 
upon irregular variations in resistance; 
the speed of the automatic control 
is, however, somewhat reduced. The 

same alteration may, of course, be introduced in the circuit of fig. 15 in 
which the pentode section of an ECL 80 triode pentode is used as coin­
cidence detector.
In fig. 28 the mean anode voltage of the phase detector is plotted against 
the horizontal displacement of the picture. This displacement corresponds 
to a total picture width of 29 cm, as is the case with a MW 36-24 picture tube. 
Finally it should be mentioned that the voltage stabilizer type 85 A2, used 
for reducing the influence of mains voltage fluctuations upon the multivi­
brator frequency, can be dispensed with when excessive mains voltage 
fluctuations are not likely to occur.

Fig. 28
Anode voltage at the phase 
detector plotted against the 
horizontal displacement of 
the picture. The displace­
ment corresponds to a total 

picture width of 29 cm.
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Description of a television receiver employing 
picture tube MW 43-43
Introduction

The receiver described below has been designed for the reception of image 
and sound according to the 625-line C.C.I.R. standard. The most important 
data of this system are:
Channel width 7 Mc/s
Separation between picture carrier and sound carrier (picture
carrier frequency lower than sound carrier frequency) 5.5 Mc/s
Picture modulation (AM) negative
Sound modulation (FM) max. ± 50 kc/s
Line frequency 15 625 c/s
Frame frequency 50 c/s
Interlace 2:1

In the front end a standard channel selector, Type AT 7501, is used for the 
reception of ten channels in the frequency bands 40-68 Mc/s (4 channels) 
and 174-216 Mc/s (6 channels). The picture and sound carrier frequencies 
to which the receiver can be tuned are listed below.

Channel No. Picture carrier Sound carrier

1 41.25 46.75
2 48.25 53.75
3 55.25 60.75
4 62.25 67.75

5 175.25 180.75
6 182.25 187.75
7 189.25 194.75
8 196.25 201.75
9 203.25 208.75

10 210.25 215.75
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The complement of valves and germanium diodes and the functions for 
which they are used is as follows: (see also fig. 29, page 215).

Picture channel

EF 80 pentode
ECC 81 double triode 
4 X EF 80 pentodes 
OA 60 germanium diode 
OA 61 germanium diode 
EF 80 pentode
ECL 80 triode pentode 
MW 43—43

R.F. amplifier
mixer and local oscillator
I.F. amplifier
video detector 
A.G.C. rectifier 
video amplifier
pentode as video amplifier 
picture tube

Sound channel

EF 80 pentode
OA 61 germanium diode
EQ 80 enneode
PL 82 pentode

intercarrier amplifier
rectifier for A.G.C.; limiting and silencing 
F.M. detection 
sound output

Line timebase generator

EQ 80 enneode
85 A2
ECL 80 triode pentode
PL 81 pentode
PY 81 diode
EY 51 diode

sync separator and phase detector 
voltage stabilizer
multivibrator 
output valve 
booster diode
E.H.T. rectifier

Frame timebase generator

ECL 80 triode pentode

PL 82 pentode

pentode as sync separator triode as block­
ing oscillator
output valve

Power supply

2 x PY 82 diodes mains rectifier

It is seen that the receiver employs 21 valves (of which one is a voltage 
stabilizer), 3 germanium diodes and the picture tube. The 85 A2 voltage 
stabilizer is used to render the line synchronization less dependent upon 
mains voltage fluctuations. In cases where large mains voltage fluctuations 
are not likely to occur the 85 A2 need not be used.
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1. Picture channel
a. Channel selector AT 7501

The circuit diagram of the channel selector is given in fig. 29 and a photo­
graph and the dimensions in figs. 30 and 31 respectively.
The input of the selector is matched to a 300 Q. feeder, in which two blocking

Fig. 30 
Channel selector Type AT 7501.

capacitors of 1500 pF should be included to prevent direct connection of 
the aerial to the supply mains. For R.F. amplification an EF 80 pentode 
is used, the anode circuit consisting of a double-tuned transformer with 
inductive top coupling (see Z4). The total R.F. bandwidth is approximately 
9 Mc/s on all channels. It is therefore not necessary to take the R.F. response 
into account in determining the staggering of the I.F. amplifier.
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The two sections of an ECC 81 double triode are used as mixer and local 
oscillator respectively, the latter being connected as a Colpitts’ oscillator. 
On the low frequency band injection of the oscillator voltage into the mixer 
circuit is effected by means of an inductive link. On the band from 174 to 
216 Mc/s capacitive coupling by means of C38 is used. The R.F. and oscillator 
circuits are replaced in their entirety when switching from one channel to another. 
The anode circuit of the mixer triode contains the primary L8 of an I.F. 
transformer, to which the secondary L18 can be coupled via the link Llo.

Fig. 31 
Dimensions of the channel selector Type AT 7501.

This is a low-impedance coupling, so that L18 can be placed at the most 
convenient position on the receiver chassis. Lg and C31 form a trap circuit. 
In the channel selector the picture carrier frequency is converted to 23.75 
Mc/s and the sound carrier frequency to 18.25 Mc/s. For trimming the I.F. 
circuits included in the selector and in the subsequent I.F. amplifier an 
I.F. signal can be applied to the trimming point marked Tr in figs. 29 and31. 
The leads from the channel selector are identified by insulation of different 
colours as follows:
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Lead No.
1
2
3
4
5
6
7
8

b The I.F. amplifier

Colour
green 
black 
red/black 
blue 
red
grey 
brown 
yellow

The I.F. amplifier is equipped with four pentodes Type EF 80, followed 
by a video detector employing an OA 60 germanium diode. For the auto­
matic gain control another germanium diode Type OA 61 is used. The RG 
combination £34C7] prevents the occurrence of high negative voltages across 
the load resistor R35 due to short interference pulses. A variable delay in 
the A.G.C. is obtained via the potentiometer £4i£42, of which Ri2 also 
serves for the adjustment of the picture contrast. This arrangement has 
been described in the section dealing with intercarrier sound on page 147. 
The A.G.C. voltage is applied to the first three I.F. valves F3, F4 and F5, 
and also to the R.F. amplifier Vv The A.G.C. curves for £42 adjusted to 
minimum and to maximum contrast respectively are given in fig. 32.
The anode of Fs is parallel fed via resistor £29, which also provides the re­
quired damping. Parallel feed is used to prevent charging of the grid cap­
acitor of the final I.F. tube as a result of large interference peaks. This would

A.F. voltage Vo at the video detector load 
plotted against the R.F. signal Vi at the 
aerial terminals. The curves were measur­
ed in channel 2 at the picture carrier fre­
quency and with a 30 % modulated signal. 
Curve a refers to the contrast control 
adjusted for maximum contrast and curve 

b to minimum contrast.

The tuned circuits used in the 
I.F. amplifier are adjusted with 
the aid of iron-dust cores; furth­
er data of the various induc­
tors are given in the list of 
components.
The stagger frequencies and 
dampings of the circuits are 
chosen to obtain a response curve 
with a substantially flat top. 
Moreover the final I.F. circuit 
i26 has a fairly large bandwidth 
and is tuned near to the picture 
carrier. This has the advantage 
that variation in damping of 
the detector circuit has little 
influence upon the response 
curve and that there is little 
risk of overdriving the final 
I.F. valve at high contrast 
settings.
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The overall response measured on 
scale. In the table below are 
factors, bandwidths and additional 
damping resistors of the I.F. cir­
cuits. It should be recognized that 
since the receiver operates with 
intercarrier sound, it is necessary 
to adjust the trap L21 in such a way 
that a flat region is obtained in the 
response curve on both sides of the 
sound carrier. This prevents am­
plitude modulation of the sound 
signal as a result of the frequency 
modulation. The tuning frequencies 
of the traps are given below.

Trap L9
Tuning frequency (Mc/s) 16.75

-^19 -^21 -^23 ^27
15.75 18.4 26.5 25.25

channel 2 is given in fig. 33 on a relative 
given the stagger frequencies and the quality

Fig. 33
Overall response of the R.F. and I.F. 
amplifiers measured in channel 2.

¿18 Lzo ¿22 ¿24 ¿26

Stagger frequency (Mc/s) 20.5 20.5 20.4 19.1 24.1 23

Quality factor Q in cir­
cuit 6.6 5.3 4.5 17.7 10.5 5.75

Bandwidth (Mc/s) 4.5 1.08 2.3 4.0

Extra damping resistor 
(kil)

0.1 
in 

series
3.9 1.8 8.2 4.7 6.8

Circuit impedance (kil) 1.7 6.0 4.0 2.0

Stage gain at centre of 
band 10 9 9 9.5
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c. The video amplifier
The video amplifier has been described at length in the article on inter­
carrier sound. The EF 80 pentode is followed by the pentode section of 
an ECL 80 valve operating as cathode follower. The triode section of the 
ECL 80 is not used. D.C. restoration is obtained by grid rectification in 
the ECL 80 pentode. In order to avoid variations in the black level at dif­
ferent contrast settings, a small video signal is taken from the anode of the 
pentode and applied to the first grid of the picture tube.
The complete video signal is taken from the cathode of the ECL 80 pentode 
and applied via the leads B and C to the circuits for vertical and horizontal 
synchronization respectively.
In addition to the video signal, flyback pulses taken from the frame output 
transformer are applied to the cathode of the picture tube (see lead D). 
This results in blanking of the picture during the vertical retrace.

Fig. 34
Deflection and focusing unit Type AT 1001/09.

For focusing and deflection use can be made of the unit Type AT 1001/09*),  
which is equipped with a permanent “TICONAL” magnet for focusing and 
a set of deflection coils matched to the circuits for horizontal and vertical 

*) Instead of AT 1001/09 the unit Type AT 1002 can as well be used.
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deflection indicated in fig. 29. The data of the unit Type AT 1001/09 are 
given below (see also fig. 35).

Fig. 35 
Dimensions and connections of the deflection and focusing unit Type 

AT 1001/09.

Data of AT 1001/09
Line coils Inductance 6 mH

Resistance 5.6 £2
Sensitivity 8.9 y7amA/cm*)
Connections 1—2

Frame coils Resistance 9.6 £2
Inductance 8 mH
Sensitivity 9.4 y F^mA/cm*)
Connections 4—5

Focus 10—16 kV
Screen Connection 3
Max. operating temperature 85 °C
For the operation of the permanent magnet focusing system included in 
the unit Type AT 1001/09, a separate control unit Type AT 7003 is available 
complete with knob, bowden cable, mounting hook, etc. With this unit the 
control knob can be located wherever desired on the receiver chassis, the 
bowden cable having a length of approx. 43 cm.

*) The data given here refer to the MW 36-24 picture tube and Va in kV. 
The deflection currents required when using an MW 43-43 picture tube are given 
in the description of the circuits for horizontal and vertical deflection.
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d. Sensitivity of picture channel
The sensitivity was measured with a 30% modulated H.F. signal applied 
to the aerial terminals of the receiver. The frequency of the signal corres­
ponds to the centre of the band. In the video detector a signal of 1 Vrms 
then gives an A.F. voltage at the load of 0.18 Vrms. At maximum contrast 
the video amplifier has a gain of 34. In the tuner a gain of 12 has been 
measured in the frequency band from 40—68 Mc/s, the total I.F. gain being 
7500.
For 3 Vrms at the picture tube the signal required at the aerial terminals 
is therefore:

12 x 7500 x 0.18 x 34 " ,pp,'OX' 5'5 pV'

This corresponds to an aerial input of 22 (zV at picture carrier frequency 
in the frequency band from 40—68 Mc/s. In the band from 174—216 Mc/s 
the aerial input must be 60 [zV, the gain of the tuner then being lower.

2. Sound channel
A complete description of the sound channel, except the output stage, has 
been given in the section dealing with intercarrier sound. In the circuit 
of fig. 29 an output pentode type PL 82 is used. The screen grid and the 
anode of this valve are fed via an additional RC filter (see Vbi), which pre­
vents the penetration, of audio currents into other sections of the re­
ceiver. In the receiver described, two loudspeakers are used, arranged one 
on either side of the picture tube, in the side walls of the cabinet. It is also 
possible, of course, to use one loudspeaker, which should then be mounted 
on the front wall of the cabinet.
The anode of the detector valve EQ 80 is fed from the boosted H.T. potential, 
a smoothing circuit GaGoi being included.
In the circuit of fig. 29 an OA 61 germanium diode is used for A.G.C. 
and silencing of the EQ 80 F.M. detector instead of an OA 51. The perfor­
mances of these diodes in this circuit do not differ appreciably, so that the 
curves and figures given in the article on intercarrier sound still apply.
The intercarrier signal required at the video-detector load for 8 Vrms at the 
grids g3 and g5 of the EQ 80 is 32 mVrms.

3. Line deflection and synchronization
a. Synchronization and generation of saw-tooth voltage
For synchronizing the horizontal deflection a flywheel circuit is used, 
operating with an EQ 80 valve as phase discriminator. This circuit has been 
described in the section on “Flywheel Synchronization” on page 164. The 
principle of operation is repeated briefly below.
The complete video signal is applied via lead C to the first grid of the E Q 80, 
which has a short grid base, so that anode current can flow only during 
the synchronization pulses. A saw-tooth signal taken from the multivibrator 
is applied to the third grid of the EQ 80, the shape of this signal being shown
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Fig. 36
Saw-tooth voltage at the third grid 
of the EQ 80 tube. The peak-to-peak 

value is 24 V.

Fig. 37
Flyback pulses at the fifth grid of 
the EQ 80 tube. The amplitude of 

these pulses is 210 V.

Fig. 38
Voltage at the screen grid of the 
pentode section of F15. The peak- 

to-peak value is 85 V.

in the oscillogram of fig. 36. The peak- 
to-peak value of this signal is 24 V 
and, during normal operation, the line 
synchronizing pulses coincide with 
the steep positive-going flanks. Var­
iations in the relative phase then result 
in corresponding variations in anode 
current. These current variations pro­
duce variations in voltage drop across 
R81, which correct the phase of the 
multivibrator voltage. In order to 
make the circuit insensitive to inter­
ference during the intervals between the 
synchronizing pulses, flyback pulses 
obtained from the deflection coils are 
applied to the fifth grid. An oscillo­

gram of these pulses is shown in fig. 37, the peak-to-peak value measured 
at the fifth grid of the EQ 80 being 210 V. Anode current can therefore 
flow only during the peaks of these pulses.
The stabilizing tube 85 A2 used in the circuit of fig. 29 can be omitted when 
excessive mains voltage fluctuations are not likely to occur. It is then ne­
cessary to make the following alterations in the circuit:

a) The stabilizing tube 85 A2 is omitted.
b) The supply line for the screen grid of the EQ 80 and the triode anode 

of 7j6 must be connected to Vb3 in the power supply system.
c) jR84 and RS5 are replaced by one resistor of 1.5 Mil, 0.25 W.
d) Cn2 must be changed to 1200 pF, tolerance 20%, working voltage 350 V.
e) _R86 must be changed to 0.5 Mil, 0.25 W.

186



f) J?94 must be changed to 0.47 Mil, 0.25 W.
can be omitted.
h)

g) In the power supply system E133

73807

Fig. 39
Driving voltage at the control grid 
of the PL 81 output pentode. The 

peak-to-paak value is 130 V.

One half of the double electrolytic 
capacitor C143 is then available for 
other purposes and can be used 
to replace C^.

In the circuit diagram of fig. 29 the 
frequency control is placed between 
the anode of the phase detector and the 
special filter used for suppressing 
damped oscillations at the end of the 
frame blanking period. This is done 
to prevent erratic variations in the 
multivibrator frequency when operat­
ing the frequency control. Such varia­
tions would be encountered when using 
a potentiometer having bad contact, 

Fig. 40 
Line-output transformer Type AT 2002.
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connected between the filter Ci15, C716, R&1 and the resistor RSi. 
The multivibrator for driving the output pentode PL 81 is of the asymme­
trical type, stabilization of the frequency at 15 625 c/s being obtained by 
means of the resonant circuit Type 10924. The cathode, the control grid 
and the screen grid of the pentode section of V, 5 form one triode of the mul­
tivibrator. An oscillogram of t e voltage at the screen grid is shown in 
fig. 38, the peak-to-peak value being 85 V. Fig. 39 shows the driving voltage 
for the PL 81 output pentode. The peak-to-peak value of this voltage is 
130 V.
b. The output stage
The output stage operates in conjunction with a line-output transformer 
Type AT 2002 and a PY 81 booster diode. The diode for rectifying the 
flyback pulses (E.H.T.) is included in the line-output transformer assembly. 
A photograph of this transformer and a dimensional drawing are given in 
figs. 40 and 41 respectively.
The transformer is of somewhat unusual design in that the E.H.T. winding 
is not connected to the anode of the output pentode. Moreover, the primary 
and the E.H.T. winding are situated on different legs of the core. Owing 
to the looser coupling thus obtained the penetration of parasitic oscillations

Fig. 41
Dimensions and connections of line-output transformer Type AT 2002. The 
indications at the terminals correspond with those in the circuit diagram 
of fig. 29. Type AT 2002/02 is without anode connector for the picture tube. 
For the MW 43-43 picture tube a connector as shown here is not required.
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into the deflection coils is reduced. For the same purpose an additional wind­
ing (wound on the same leg as the E.H.T. winding) in combination with 
a coil with fixed inductance is connected across a part of the primary. 
The parallel combination of .Ri02 and C123 in series with the E.H.T. winding 
serves to prevent the occurrence of excessive currents in the event of acci­
dental short circuiting of the E.H.T. output.
The booster capacitor C121 has been given a comparatively small value 
(22 000 pF), so that the voltage across it varies parabolically during the 
scan. During approximately the first half of the scan, when the capacitor 
is charged by the energy stored in the output transformer and the deflection 
coils, the voltage across the capacitor increases, but decreases during the 
second half of the scan, when the booster capacitor is discharged. The mean 
voltage across the booster capacitor is 345 V and the total variation is 
about 115 V. This voltage variation provides a correction for the symme­
trical variation in scanning speed due to the comparatively flat face of 
the picture tube. At 
both ends of the scan 
the voltage across the 
booster capacitor is at 
its minimum value, so 
that the scanning speed 
is then reduced. In the 
centre of the scan, when 
the voltage across C121 
has a high value, the 
scanning speed is in­
creased.
Another form of non­
linearity which is asym­
metrical and due to the 
resistance of the de­
flection coils and the 
transformer windings is 
corrected by means of 
a premagnetized induct­
or (see Z40 in fig. 29). 
This inductor has a 
FERROXCUBE core 
which is premagnetized 
by a small rod-shaped 
“TICONAL” magnet. 
During the scan the in­
ductance varies be­

Fig. 42 
Combined width control and linearity corrector 

Type AT 4001.

tween approximately 1 
and 0.2 mH, so that the 
reduction in the rate 
of change of the de­
flection current towards 
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the end of the scan is at least partly compensated. In practice the asymme­
trical non-linearity can be kept below 5% in this way. To ensure that 
the variation in inductance is in the correct sense it is essential that the 
connections are made according to figs. 29 and 43. The amount of correct­
ion can be varied by adjusting the pre-magnetization of the FERROXCUBE 
core. This can be done by displacing the permanent magnet by means 
of a screw driver at the top of the unit Type AT 4001, in which the 
inductor Lm is included.
The width control consists of two variable inductors, L3a and L33, having a 
common Ferroxcube core, L3S being in series with the line deflection coils 
and L39 in parallel. The self-inductances of these inductors can be adjusted 
by moving the FERROXCUBE core by means of the shaft. The variation 
in inductance of each section is such that the total inductance, including 
that of the deflection coils, remains constant. The linearity control and the 
width control are available as one unit under Type Number AT 4001, (see 
figs. 42 and 43).
The series section of the width control and the linearity control are shunted 
by the series connection of a resistor and a capacitor (RigsC12i). These com­
ponents are included to damp parasitic oscillations in the deflection coils 
at the start of the scan.
A number of oscillograms of voltages and currents occurring in the output

Fig. 43
Dimensions and connections (see also fig. 29) of 
the combined width control and linearity corrector 
Type AT 4001. The linearity corrector (connec­
tions 1 and 2) can be adjusted by means of a screw­
driver, for which a saw-cut, visible from above, 
has been provided. The inductance of the linearity 
corrector coil is adjustable between 0.15 and 1.2 
mH. The inductance of the two sections of the 
width control can be adjusted by means of the 
shaft. A soldering lug, visible at the front of the 
unit, can be used to earth the shaft, thus preventing 
the risk of corona or scintillation. The series sec­
tion of the width control (connection 3 and 4) can 
be adjusted between 1.8 and 0.18 mH, the paral­
lel section (connections 5 and 6) then varying 

simultaneously between 12 and 80 mH.

circuit are given in the 
figs. 44 to 49. Fig. 44 
shows the current in 
the deflection coils; 
the peak-to-peak value 
for scanning the full 
width of the picture 
tube is 1050 mA. The 
action of the linearity 
corrector is demon­
strated by fig. 45. The 
part below the zero 
axis shows the varia­
tion in voltage across 
the inductor during the 
scanning period, the 
total variation during 
this period being 15 V. 
Fig. 46 shows the cur­
rent in the booster 
diode PY 81. The peak- 
to-peak value of this 
current is 220 mA. The 
currents in the output 
pentode PL 81 are 
shown in figs. 47 and 
48. The peak-to-peak
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Fig. 44
Saw-tooth current in the line coils.
The peak-to-peak value is 1050 mA.

Fig. 45
Oscillogram of the voltage across 
the linearity corrector. The total 
variation of voltage during the scan 
is 15 V (see part below the zero 

axis).

Fig. 46
Current in the booster diode PY 81.
The peak-to-peak value is 220 mA.

Fig. 47
Cathode current (peak-to-peak value 
270 mA) of the output pentode 

PL 81.

Fig. 48 
Screen-grid current (peak-to-peak 
value 43 mA) of the output pentode 

PL 81.

value of the cathode current (see fig. 
47) is 270 mA and that of the screen­
grid current (see fig. 48) is 43 mA. 
Finally, a point raster giving an im­
pression of the horizontal linearity 
obtained is given in fig. 49.
The H.T. line voltage applied to the 
output stage is 195 V and the mean 
current flowing in the booster diode 
119 mA when the beam current in the 
picture tube is 100 ¡zA. Other data of 
the circuit, also referring to a beam 
current of 100 ¡zA in the picture tube, 
are given below:
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Mean screen-grid voltage 145 V
Mean control-grid voltage —30 V
Mean anode current (PL 81) 105 mA
Mean screen-grid current 26 mA
Anode dissipation (PL 81) 4.5 W
Screen-grid dissipation approx. 3 W
Boosted H.T. supply voltage 540 V
Additional drain on boosted H.T. 14 mA
E.H.T. at 100 (zA beam current 12.5 kV
Peak voltage during flyback at anode of PL 81 4.7 kV
Peak voltage during flyback at cathode of PY 81 3.5 kV

Fig. 49
Point raster on the screen of the MW 43-43 picture tube.

The various voltages and currents in the output circuit depend upon the 
average beam current in the picture tube. This dependency is represented 
in fig. 50, where the boosted H.T., the peak-to-peak value of the deflection 
current, the E.H.T. and the anode current of the output pentode are plotted 
against the beam current. It is seen from these curves that the internal 
resistance of the E.H.T. for slow variations in beam current is approx. 
9 Mil, which is obtained by operating the output pentode well below the 
knee of the Ia!Va characteristic during the scanning period.
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Fig. 50
The boost voltage, the peak- 
to-peak value of the deflection 
current, the E.H.T. ( Va) and 
the anode current of the PL 81 
output pentode, plotted a- 

geinst beam current.

4. Frame deflection and synchronization

a. Synchronization and generation of the saw-tooth voltage
The complete video signal is applied via lead B to the pentode section of 
an ECL 80 triode pentode. This pentode serves as synchronizing pulse 
separator and since only the frame pulses are required for synchronizing 
the frame-blocking oscillator a resistor capacitor combination (G05G27) f°r 
suppressing noise and short interference peaks can be connected between 
the signal source and the control grid of the pentode. The anode of the pen­
tode is shunted by a capacitor C129 so that integration takes place. The frame­
synchronizing signal at the anode is negative going and must therefore be 
applied to the anode of the blocking oscillator.
The triode section of F19 is used as blocking oscillator in a conventional 
circuit with a standard blocking transformer Type 10850. The resistors G09 
and Gjc serve to limit the peak grid current and the amplitude of the saw­
tooth voltage developed across the charge capacitor Gsi- A number of 
oscillograms demonstrating the performance of the blocking oscillator are 
represented in figs. 51 to 56. Fig. 51 shows the anode current of the triode. 
The peak value of this current is 110 mA. The alternating voltage at the 
anode is shown in fig. 52, the peak-to-peak value being 375 V. In fig. 53 
is shown the grid current, which reaches a peak value of 32 mA. Fig. 54 
shows the alternating voltage at the grid. The total amplitude of this voltage 
is 486 V. A comparison of figs. 54 and 55 shows the limiting effect of the 
series grid resistor Goa» the alternating voltage of fig. 55 being measured 
at the grid side of the blocking transformer winding. In the latter case the
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Fig. 51
Anode current pulses of the triode 
section of F19. The pulse amplitude 

is 110 mA.

Fig. 52
Flyback voltage at the anode of 
the triode section of F19. The peak- 

to-peak value is 375 V.

Fig. 53
Grid current pulses of the triode 
section of F19. The pulse amplitude 

is 32 mA.

Fig. 54
Saw-tooth voltage at the grid of the 
triode section of F19. The peak to- 
peak value is 486 V. The positive 
peak at the start of the flyback is 

100 V.

Fig. 55
Saw-tooth voltage at the grid side 
of the blocking transformer Type 
10850. The peak-to-peak value is 
approx. 800 V, the positive peak at 
the start of the flyback is 420 V.

Fig. 56
Saw-tooth voltage across the charge 
capacitor Ci31. The peak-to-peak 
value of the saw-tooth is 145 V, the 
negative voltage at the end of the 

stroke being 35 V.
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positive peak is 420 V as compared with 100 V at the grid. Since the flyback 
starts when the grid is still 35 V negative with respect to the cathode, it 
may be seen from fig. 54 that during the flyback the positive grid excursion 
is approx. 65 V. The saw-tooth voltage across the charge capacitor is shown 
in fig. 56, the peak-to-peak value being 145 V. It is seen from this figure 
that the non-linearity is but small, which is due to the fact that the resis­
tance through which the capacitor is charged is connected to a potential 
of approx. 470 V.
b. The output stage
The output stage for vertical deflection uses an entirely new method of 
linearisation. To explain this method it is necessary to recall briefly how 
linearisation is normally obtained.
During the scanning period the saw-tooth current in the deflection coils 
must vary linearly with time. Since the impedance of the deflection coils 
is almost purely resistive a linear saw-tooth voltage will then be present 
across the primary of the output transformer. Owing to the fact that the 
primary inductance of the transformer is not infinitely large, in addition 
to the saw-tooth current to be supplied by the valve a current having a 
parabolic shape must also be delivered. When the constant magnetizing 
current is added to these two components the total anode current can be 
found by simple addition. This is shown in fig. 57, where ¿defiM is the trans­
formed deflection current (n is the transformer ratio), iLp the magnetizing 
current in the transformer primary and ia the total anode current required. 
The relative magnitude of the parabolic component depends upon the saw­
tooth frequency and the ratio between the transformed deflection coil resis­
tance and the primary inductance. At a given saw-tooth frequency it is 
possible to keep the parabolic component small by making this ratio as 
small as possible, but this leads to a large, and therefore expensive, output 
transformer. In normal practice the parabolic component will be quite 
appreciable and it is then necessary to give the driving voltage applied to 
the grid of the output pentode 
such a shape that the required 
form of anode current is ob­
tained. Partial correction is 
already obtained by the cur­
vature of the valve charac­
teristic, but with normal 
components this correction 
is not sufficient, so that means 
must be provided to distort 
the saw-tooth voltage from 
the blocking oscillator (see 
fig. 56) in such a way that at 
the beginning of the scan the 
rate of change is decreased 
whilst it must be gradually 
increased towards the end 
of the scan.

Transformed deflection current (¿defl/«-). mag­
netizing current of the transformer itp and 
the total anode current (ia) of the output
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The required distortion of the saw-tooth voltage can be obtained by means 
of an integrator circuit consisting of resistors and capacitors connected 
between the saw-tooth oscillator and the output pentode. Alternatively, 
when negative feedback is applied from the primary of the output transform­
er to the control grid of the pentode, differentiation of the feedback 
voltage can be applied to obtain the required shape of driving voltage. Both 
methods lead to a considerable loss of amplitude, i.e. the saw-tooth voltage 
to be supplied by the blocking oscillator must be much greater than that 
required without negative feedback and without using an integrator circuit.

The most important disadvantage is, however, that the low frequencies are 
much less attenuated than the high frequencies, so that, when the average 
level of the saw-tooth signal changes at a slow rate as a result of interference 
or adjustment of the hold control, the control-grid voltage of the output 
pentode changes at the same rate. This is manifest in temporary vertical 
expansion or contraction of the picture, and in some circuits this is of an 
oscillatory character. This effect is most pronounced when a large amount 
of correction has to be used on account of a relatively low primary inductance 
of the output transformer.
The unfavourable effects described above can be avoided by using a voltage 
dependent resistor for distorting the saw-tooth voltage. Such a resistor is, 
in the range considered, independent of frequency, so that the attenuation 
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occurring in shaping the saw-tooth voltage is the same for all frequencies. 
Moreover, the circuit can be simplified and remarkably good vertical linearity 
of the picture can be obtained.
The current-voltage characteristic of a VDR resistor is such that with in­
creasing voltage the current increases exponentially, whilst the curve is 
symmetrical with respect to the origin. Fig. 58 shows the characteristic of 
a VDR resistor Type Number VD 1000A/680B suitable for this purpose. 
In fig. 58 is also shown the characteristic of the fixed resistor B113, which 
has a value of 0.39 Mil. The input voltage Vf as a function of the current

Fig. 59
Voltage across the VDR resistor as a function of the input voltage, the saw­
tooth input voltage as a function of time and the resultant saw-tooth voltage 
across the VDR resistor as a function of time. Due to the integrating network 

G132 etc. (see fig. 29) the actual saw-tooth voltage across the VDR resistor 
follows the broken line.

can be derived from these two curves. From the curves represented in fig. 
58 a new curve may be calculated giving the relation between the voltage 
across the VDR resistor and the input voltage (see fig. 59). By plotting 
also Vf as a function of time in this graph, the trend of the voltage across 
the VDR resistor as a function of time can be found.
In the circuit of fig. 29 an integrator network is used following the VDR 
resistor to provide adjustable linearity correction. Owing to the correction 
already obtained by the VDR resistor the correction introduced by this 
network is only small, so that the disadvantages introduced when an inte­
grator circuit provides the entire correction are avoided. The presence of
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Fig. 60
Voltage across the VDR resistor 
J?114. The peak-to-peak value of the 

saw-tooth voltage is 70 V.

Fig. 61
Driving voltage at the control grid 
of the output pentode. The peak- 

to-peak value is 24 V.

Fig. 62
Voltage across the cathode resis­
tance of the PL 82 output pentode.

Fig. 63
Voltage across the primary of the 
output transformer. The anode volt­
age variation during the scan is 
550 V and the positive peak during 

the flyback 600 V.

the integrator has some influence on the shape of the voltage across the VDR 
resistor, this being shown by the dotted curve in fig. 59.
An oscillogram of the voltage across the VDR resistor is shown in fig. 60. 
The peak-to-peak value of the saw-tooth voltage is 70 V. The driving volt­
age at the control grid of the output pentode is shown in fig. 61. Owing to 
the presence of the integrator circuit the shape of the saw-tooth voltage is 
modified and the peak-to-peak value is reduced to 24 V. Fig. 62 shows the 
voltage across the cathode resistor of the PL 82 output pentode. The total 
amplitude of this voltage depends upon the adjustment of the height control 
Ei2o> hut the shape gives an indication of the shape of the anode current. 
The cathode of the output pentode is not bypassed and the negative 
feedback thus obtained increases the internal resistance to such an extent 
that a negative pulse on the control grid during the flyback is not required. 
Ringing at the end of the flyback is damped by the combination •
The positive pulse appearing across the resistor is used for blanking the 
picture during the frame flyback (see lead D).
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An oscillogram of the voltage across the primary of the output transformer 
is reproduced in fig. 63. The anode voltage variation during the scan is 
550 V and the positive peak during the flyback 600 V. Finally, in fig. 64 
is shown the current in the deflection coils. The peak-to-peak value of this 
current is 830 mA and this corresponds to full vertical deflection with the 
coils incorporated in the unit AT 1001/09.

Fig. 64
Current in the deflection coils. The 
peak-to-peak value for full scan is 

830 mA.

The mean values of the currents and the voltages with respect to the chassis 
are tabulated below.

ECL 80 
(F19)

PL 82 
( V2o)

Anode current — pentode section 0.65 mA 10.5 mA
Screen-grid current —• pentode section 0.07 mA 1.3 mA
Anode voltage — pentode section 130 V 440 V
Screen-grid voltage — pentode section 38 V 60 V
Anode current — triode section 2.4 mA
Grid current — triode section 0.3 mA
Anode voltage — triode section 470 V
Grid voltage — triode section —95 V
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5. Power supply

The circuit of the power supply is conventional in all respects. For rectifying 
the mains voltage two PY 82 valves connected in parallel are used. It is 
necessary to connect a limiting resistor of 50 £2 in series with each valve. 
The NTC resistor R126 in series with the heater chain is shunted by a fixed 
resistor j?125 of 500 £2. This has been done to obtain sufficient delay in the 
heating up of the NTC resistor after switching on. Without the parallel resistor 
the NTC resistor would heat up very rapidly, thus causing temporary over­
loading of the heaters. The by-pass capacitors used in the heater chain 
must be connected close to the valve holders of the individual valves.
The total direct current drawn from the power supply is 320 mA, when 
no signal is applied to the receiver. The direct voltages and ripple voltages 
measured in the power supply under various conditions are tabulated below.

Contrast at 
minimum; 
no signal

Contrast at 
maximum; 
no signal

Contrast at 
minimum; 
with signal

Contrast at 
maximum: 
with signal

Direct 
volt.

(V)

Ripple 
volt.

(V rms)

Direct 
volt.

(V)

Ripple 
volt.

(Vrms)

Direct 
volt.

(V)

Ripple 
volt.

( Vrms)

Direct 
volt.

(V)

Ripple 
volt.

(Vrms)

Input 
of filter 213 13 208 13.1 213 13 209 13

195 0.4 190 0.42 195 0.4 190 0.4
Vbz 180 0.016 170 0.02 182 0.018 170 0.019
Viz 177 0.01 172 0.012 175 0.011 172 0.011
Vtl 166 0.02 160 0.02 166 0.019 160 0.02
Viz 134 0.006 132 0.006 134 0.006 132 0.006

6. Voltages and currents

The currents and the voltages with respect to the chassis for the various 
valves in the receiver are given below. These measurements were made 
without signal applied to the aerial terminals and with the contrast control 
adjusted for maximum contrast. Under these conditions the current drawn 
by the R.F. pentode and the mixer in the tuner is 14 mA and that by the 
oscillator 7.5 mA. The MW 43—43 picture tube is used with the third grid 
connected to the cathode and the second grid at a potential 270 V higher 
than the cathode.
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*) Including current in bleeder resistor. First grid connected to cathode.

Anode 
volt.

(V)

Screen­
grid 
volt. 
(V)

Control­
grid 
volt. 
(V)

Cathode 
voltage

(V)

Anode 
curr.

(mA)

Screen­
grid 
curr. 
(mA)

EF 80 pentode F3 180 160 0 2.1 9 2.2
EF 80 pentode F4 180 160 0 2.1 9 2.2
EF 80 pentode F5 135 167 0 2.3 9.8 2.3
EF 80 pentode F6 170 170 0 2.2 9.5 2.2
EF 80 pentode F7 75 170 —0.15 1.5 12.5 3.5

ECL 80 triode-
pentode Fg
pentode section 165 190 102 14 3

EF 80 pentode Flo 180 167 0 2.2 10 2.3

E Q 80 enneode Fn 180 24 4 4 0.28 6*)

PL 82 pentode F12 146 160 0 11 40 9

EQ 80 enneode F13 85 40 16 16

85 A2 stabiliser F14 85 4

ECL 80 triode-
pentode F15
pentode section 120 160 —27 2 2,3
triode section 76 —5.5 2.4

PL 81 pentode F16 140 —30 105 26

PY 81 diode F17 190 119

ECL 80 triode-
pentode F19
pentode section 130 38 0.6 0.07
triode section 470 —95 2.4

PL 82 pentode F20 440 60 6 10.5 1.3
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7. List of parts

a. Resistors (all resistors may have ± 10% tolerance).

Ref. Description Resistance Rating (IF)

Ri Carbon, fixed 1.2 kil 0.25
R2 .. 10 kil 0.25
R3 120 il 0.25
R. ; ; >5 3.9 kil 0.5
Rb .. 1 kil 0.25
Ro ? 7 5 ? 4.7 kil 0.25
Ri « « * « 0.1 Mil 0.25
R» .. 22 kil 0.25
-^9 4.7 kil 0.25
Rio « « « « 1 kil 0.25
Rn .. .. 100 Q 0.25
Ra ? ) 77 3.9 kil 0.25
R)3 .. 27 il 0.25
R14 150 il 0.25
R15 ■ • « « 3.9 kil 0.25
R16 > « « « 2.2 kil 0.25
R17 «. «. 1 kil 0.25
R1S .. " 1.8 kil 0.25
R19 7 7 77 27 il 0.25
R20 .. 150 il 0.25
R2I 7 7 77 3.9 kil 0.25
R22 7 7 77 1 kil 0.25
R23 .. .. 27 kil 0.25
^24 .. 8.2 kil 0.25
R25 77 77 2.2 kil 0.25
^26

77 77 150 il 0.25
R27 77 77 27 il 0.25
R28 7 7 77 1.5 kil 0.25
R29 « « • * 4.7 kil 1
R30 7 7 77 1 kil 0.25
R3I .. 180 Q 0.25
R32 « « « « 1.8 kil 0.5
R33 .. 6.8 kil 0.25
R34 * » •. 33 kil 0.25
R35 <. 0.12 Mil 0.25
R36 7 7 7 7 1 Mil 0.25
R37 .. 3.9 kil 0.25
R38 .. 0.68 Mil 0.25
R39 7 7 7 7 1 Mil 0.25
R40 .. 3.3 kil 0.25
R4I 77 77 82 kil 1
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Rating (IF)Ref. Description Resistance

as as a? as as as °? ft? ft? as a, as a? a? a? 
a? a? as a? ft? 

as as as as as as as as as as as as 
ft? 

ft? a? a? a? a? ft? ft? ft? a? ft? a? a?

42
43

Carbon, variable 
Carbon, fixed

1 kG 0.5
0.2568 G

44 15 kG 1
45 15 kG 1
46 6.8 kG 0.25
47 1 MG 0.25
48 12 kG 1
49 12 kG 1
50 18 kG 0.25
51 1 kG 0.25
52 1.8 kG 0.5
53 0.56 MG 0.25
54 15 kG 0.25
55 > • a * 0.56 MG 0.25
56 Carbon, variable 0.5 MG 0.25

57 Carbon, fixed 0.68 MG 0.25
58 1 kG 0.25
59 a , ? » 180 G 0.25
60 10 kG 0.25
61 >> 5 3 1 kG 0.25

62 0.82 MG 0.25
63 0.39 MG 0.25
64 82 kG 0.25
65 22 kG 0.25
66 0.12 MG 0.25
67 68 kG 0.25
68 a a a < 39 kG 0.25
69
70

560 G 0.25
3.9 kG 0.25

71 22 kG 1
72 1 MG 0.25
73 >5 3 5 0.22 MG 0.25

74 Carbon, variable 1 MG 0.25

75 Carbon, fixed 220 G 1
76 100 G 0.25
77 3.9 MG 0.25
78 0.47 MG 0.25
79 68 kG 0.25
80 1.2 MG 0.25
81 0.68 MG 0.25
82 3 3 3 3 3.9 MG 0.25
83 0.27 MG 0.25
84 0.68 MG 0.25
85 a a 12 kG 0.5
86 Carbon, variable 0.35 MG 0.25
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Ref. Description Resistance Rating (W7)

R si Carbon, fixed 68 kil 0.25
Rgs « « * « 0.22 Mil 0.25
R»9 15 kil 0.25
R90 * * B B 0.1 Mil 0.25
R&i . . 8.2 kil 0.25
R92 . . 27 kil 0.25
R93 5.6 kQ 0.25
R9Ì . . 0.82 Mil 0.25
Rgs B B « « 33 kil 0.25
R96 . . 0.82 Mil 0.5
R97 • ■ * * 0.56 Mil 0.25
R9S . . 1.5 kil 0.25
R99 . . 1.95 kil 2
Rico 0.33 Mil 0.25
Riol . B 0.33 Mil 0.25
R102 B B B B 47 kil 0.5
R103 3.3 kil 1
RW4 . . 3.9 Mil 0.25
RjOS B B B B 22 kil 0.25
Rj06 . . 0.68 Mil 0.25
Rj07 B B . . 1.2 Mil 0.25
Rio s . . 0.1 Mil 0.25
R109 « B . . 10 kil 0.5
Ruo 33 15 kil 0.5
Rm Carbon, variable 0.5 Mil 0.25
R112 Carbon, fixed 1.5 Mil 0.25
R113 5 3 3 3 0.39 Mil 0.25
Riu VDR resistor; Type VD 1000A/680 B
Rm Carbon, fixed 0.82 Mil 0.25
R116 33 33 0.39 Mil 0.25
R117 Carbon, variable 0.2 Mil 0.25
R118 Carbon, fixed 3.9 Mil 0.25
R119 33 33 270 il 0.25
R120 Carbon, variable 1 kil 0.5.
R121 Carbon, fixed 0.1 Mil 0.25
R122 3 3 3 3 0.22 Mil 0.5
R123 B B B B 0.33 Mil 0.25
R124 3 3 3 3 5.6 kil 2
R]25 Wire-wound 500 il 5
R126
R127

NTC resistor; Type 100.102 
Wire-wound 50 il 10

R128 3 3 3 3 50 il 10
R129 Carbon, fixed 680 il 1
R ISO 33 3 3 3.9 kil 0.25
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Ref. Description Resistance Rating ( IP )

-^131
-^132 
^133 
-^134 
^135

Carbon,
17
7 5
1 J
5 7

fixed
7 5
1 ?

1
1

6.8
68
68

kQ 
kQ 
kQ 
Q 
Q

1 
1
1 
1
1

b. Capacitors

Ref. Description Capacitance Tolerance IF orking

7^10

^19

Tuning 
capacitor 

Fine-tuning 
capacitor 
Ceramic

1-5
68

pF 
pF

(± %)

20

voltage 
(D

350
^20

5 5 820 pF 20 350
7'21 7 J 68 pF 20 350
C22 7 5 820 PF 20 350
G2q 7 7 68 pF 20 350
7'24 7 5 68 PF 20 350
7'25 7 5 27 PF 10 350
7^28 7 > 820 PF 20 350
C ^21 5 7 68 PF 20 350
6% 7 5 4.7 pF 10 350
C29

7 5 6.8 PF 10 350
7'30 7 7 820 pF 20 350
7'31 1 7 12 pF 10 350
7'32 7 J 18 PF 10 350
7'33

7 •> 68 PF 20 350
7'34 1 7 68 PF 20 350
6% 5 5 2.2 PF 20 350
(>36 7 7 2.7 PF 20 350
^31 7 1 68 PF 20 350
Gÿs 1 7 3.9 PF 10 350
7'39

5 5 820 PF 20 350
(40 >5 820 PF 20 350
7'41

7 7 820 PF 20 350
7'42 7 7 820 PF 20 350
7^43 5 7 1500 pF 20 350
(>43a 1 5 1500 PF 20 350
C44 7 5 1500 PF 20 350
7'45

7 7 1500 PF 20 350
7+16 ,5 1500 pF 20 350
7'47

} > 1500 pF 20 350
7^48 >5 8.2 PF 20 350
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Ref. Description Capacitance Tolerance 
(± %)

W or king 
voltage 

(F)

Ci9 Ceramic 3.9 pF 20 350
, 5 150 pF 20 350

C51 5 5 1500 pF 20 350
C&2 . . 1500 pF 20 350
6% 1500 pF 20 350

5 ? 1500 pF 20 350
? , 8.2 pF 20 350

C56 . . 1.5 pF 20 350
C57 ? 7 150 pF 20 350
% 8 1500 pF 20 350
C59 Mica 2700 pF 20 350
^60 Ceramic 1500 pF 20 350
^61 ? 5 1500 pF 20 350
^62 . . 1500 pF 20 350
6% 150 pF 20 350
^64 • 7 8.2 pF 20 350
^65 5 ? 2.7 pF 20 350
6% 5 5 1500 pF 20 350
Cm ? ? 1500 pF 20 350
^68 5 , 150 pF 20 350
C»9 . . 2.3 pF 20 350
%0 ? 7 12 pF 20 350
C71 ? 5 150 pF 20 350
%2 • 4 1500 pF 20 350
C73 . . 1500 pF 20 350
C7i Paper 0.1 [xF 20 400
% 5 ? 5 0.1 ¡xF 20 400
% 6 Ceramic 1500 pF 20 350
C77 ?, 10 pF 20 350
% 8 8.2 pF 20 350
%9 120 pF 20 350
%0 Paper 10 000 pF 20 400
^81 33 000 pF 20 400
Cg2 Ceramic 270 pF 20 350
Cæ 5 5 330 pF 20 350
^84 5 ? 1500 pF 20 350
^85 5 5 1500 pF 20 350
cm ob ? J 18 pF 20 350
Cm , . 1500 pF 20 350
C88 • 7 1500 pF 20 350
%9 120 pF 20 350
%o Paper 10 000 pF 20 400
^91 «. 33 000 pF 20 400
6% Ceramic 12 pF 20 350
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Ref. Description Capacitance Tolerance 
(± %)

Working 
voltage 
(F)

6% Ceramic 27 pF 10 350
44 
4)5

3 3
Trimmer

68 pF
3-30 pF

10 350

4e
4)7

Ceramic
Trimmer

27 pF
3-30 pF

10 350

48 Ceramic 1500 pF 20 350
4g Paper 0.18 pF 20 400
4 CO Ceramic 1500 pF 20 350
4oi Paper 0.1 pF 20 600
4o2 Ceramic 150 pF 20 600
4o3 Paper 4700 pF 20 600
4 04 Electrolytic 25 pF 25
4o5 Paper 1000 pF 20 800
4o6 22 000 pF 20 400
4o7 Ceramic 220 pF 20 350
4o8 Paper 10 000 pF 20 400
4o9 Ceramic 220 pF 20 350
410 . A 220 pF 20 700
4n « « 220 pF 20 350
412
413 Mica 

(incorporated 
in unit Type

680 pF 20 350

10924) 10 000 pF 10 400
414 Ceramic 27 pF 10 350
415 Paper 0.1 pF 20 400
416 3 3 8200 pF 20 400
417 Ceramic 180 pF 20 350
418 1000 pF 20 350
419 Paper 3300 pF 20 400
420 >3 0.1 pF 20 400
421
422 Ceramic 

(incorporated 
in unit Type 

AT 2002)

22 000 pF

100 pF

20 800

423 Paper 2200 pF 20 400
424 33 1200 pF 20 350
425 Ceramic 500 pF 20 16 000
426 Paper 22 000 pF 20 400
427 Ceramic 56 pF 20 350
428 Paper 0.1 pF 20 400
429 3 3 10 000 pF 20 400
430 • , 5600 pF 20 600
4 31 56 000 pF 10 400
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Ref. Description Capacitance Tolerance 
(± %)

W orbing 
voltage 

(F)

^132 Paper 12 000 pF 20 400
C133 > 5 33 000 pF 20 400
^134 Electrolytic 12.5 [zF 300
C135 5 ? 50 (zF 400
^136 Paper 6800 pF 20 1000
^137 5 ? 47 000 pF 20 400
C^g Ceramic 560 pF 20 350
^139 Paper 22 000 pF 20 800
^140 Electrolytic 2x50 [zF 300
^141 J 7 2X50 (zF 300
^142 7 7 2x50 (zF 300
^143 7 7 2x50 ¡zF 300
^144 Ceramic 1500 pF 20 350
^145 1500 pF 20 350
Dj46 : 7 1500 pF 20 350
^147 7 7 1500 pF 20 350
^148 7 7 1500 pF 20 350
Q49 1500 pF 20 350
^150 Paper 10 000 pF 20 400
^151 7 7 10 000 pF 20 400
C152 Ceramic 1500 pF 20 350
C]53 7 7 1500 pF 20 350
^154 7 5 1500 pF 20 350

208



e. Inductors and transformers
Ref. Description

Incorporated in tuner Type AT 7501.
i18 Secondary of first I.F. transformer.

Type number AT 4515.
Inductor of trap circuit. Tuning frequency 15.75 Mc/s. The me­
chanical details of this inductor are given in fig. 65. The dia­
meter of the coil former is 7 mm and an iron-dust core with a 
diameter of 6 mm and a length of 6 mm is used for the adjust­
ment. The diameter of the screening can is 19 mm. Other data 
are listed below.
Inductance approx. 7.5 ¡zH
Number of turns (enamelled copper, wound 
without spacing) 30
Wire diameter 0.2 mm

72391

Fig. 65 
Mechanical details of inductor A19.

1'20 I.F. circuit; tuning frequency 20.4 Mc/s. The 
mechanical details are identical to those of
^19 •
Inductance approx. 3.4 ¡zH
Number of turns (enamelled copper, wound 
without spacing) 17
Wire diameter 0.2 mm

L21 Inductor of trap circuit. Tuning frequency 18.4 Mc/s.
Mechanical details as for L19.
Inductance approx. 6 ¡zH
Number of turns (enamelled copper, wound 
without spacing) 25
Wire diameter 0.2 mm

l22 I.F. circuit; tuning frequency 19.1 Mc/s.
Mechanical details as for Lw.
Inductance approx. 4.5 ¡zH
Number of turns (enamelled copper, wound 
without spacing) 20
Wire diameter 0.2 mm
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Ref. Description

■7'23 Inductor of trap circuit. Tuning frequency
26.5 Mc/s. Mechanical details as for ¿]9.
Inductance approx. 3.5 pH
Number of turns (enamelled copper, wound 
without spacing) 16
Wire diameter 0.2 mm

-7'24 I.F. circuit; tuning frequency 24.1 Mc/s. Me­
chanical details as for ¿]9.
Inductance approx. 2 pH
Number of turns (enamelled copper, wound 
without spacing) 11
Wire diameter 0.2 mm

■7'25
■7'26

R.F. choke. Inductance 1 mH
I.F. circuit; tuning frequency 23 Mc/s. Me­
chanical details as for ¿19.
Inductance approx. 3.5 pH
Number of turns (enamelled copper, wound 
without spacing) 16
Wire diameter 0.2 mm

¿27 Inductor of trap circuit. Tuning frequency
25.25 Mc/s. Mechanical details as for ¿19.
Inductance approx. 3.7 pH
Number of turns (enamelled copper, wound 
without spacing) 17
Wire diameter 0.2 mm

-^28
■^29
■^30
-7'31-32

Series-peaking coil. Inductance 60 pH
Series-peaking coil. Inductance 130 pH
Series-peaking coil. Inductance 80 pH
Incorporated in deflection and focusing unit 
Type AT 1001/09.

^33 First I.F. circuit of sound channel. Mecha­
nical details as for ¿19.
Inductance approx. 29 pH
Number of turns (enamelled copper, wound 
without spacing) 63
Wire diameter 0.12 mm

^st R.F. choke. Inductance 1 mH
Discriminator transformer. The mechanical 
details of this transformer are given in fig.
66. The primary and the secondary are iden­
tical.
Inductance 15 pH
Number of turns (enamelled copper, wound 
without spacing) 34
Wire diameter 0.2 mm

^31 Variable inductor of tuned circuit Type 10924.
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Ref. Description

L3S-39 Variable inductors for picture width control, 
included in unit Type AT 4001.

L40 Premagnetized inductor for linearity correc­
tion, included in unit Type AT 4001.
Filter choke in power supply.
Inductance
Direct current rating

3H
370 mA

-01
7-0^

0 0 3 2

Fig. 66
Dimensions and arrangement of the 
coils of the discriminator transformer 

4 5-3 6'

Fig. 67
Dimensions of the laminations of 
the output transformer for ver­
tical deflection T2. The thickness 
of the laminations is 0.5 mm.

rI\ Loudspeaker transformer.
Matching resistance 3.5 kQ

T2 Output transformer for vertical deflection. *) The dimensions
of the laminations used for this transformer are given in fig. 67. 
The stacking height is 25 mm and between the E and I shaped 
laminations a sheet of paper 30 microns thick is used to obtain 
the required air gap. The secondary is wound first and after 
that the primary. The data of the windings are given below. 
Secondary winding

*) This transformer is available under Type Number AT 3501.

Number of turns 160
Wire diameter (enamelled copper) 0.6 mm
Number of layers 4
Width of one layer 30 mm
Insulation between layers 0.1 mm paper
Resistance of winding 1.2 Q
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Description

Primary winding
Number of turns
Wire diameter (enamelled copper)
Number of layers
Width of one layer
Insulation between layers
Resistance of winding

8000
0.1 mm
36
30 mm

30 microns paper 
2800 Q.

The frame blocking transformer and the output transformer for horizontal 
deflection are standard types indicated in the circuit diagram.
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Addendum

In the preceding components list constructional details have been given 
of the I.F. circuits and traps in the picture channel. It is also possible 
to use standard I.F. circuits and traps. The receiver circuit is not changed 
when this is done, but the following points should be specially mentioned. 
1) The components Lw, L20 and Cis, Ci9 in the circuit diagram of fig. 29 

are replaced by the unit Type AT 4505, in which these components are 
assembled. Tuning is done by varying the inductances by means of 
Ferroxcube cores.

2) L21, L22 and C56, C56 are replaced by unit Type AT 4503. The coupling 
capacitor of 2.7 pF between L21 and L22 in this unit must be replaced 
by one having a capacitance of 1.5 pF. This alteration is necessary in 

2 3

2 3

Fig. 68
Connections of the units AT 4502 to AT 4505.
The height above chassis of these units is 38 

mm, the horizontal cross section being
25 X 11 mm.

•----------  4

l20 %

© 
%

l19 %

©
%

72294
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order to obtain the correct amount of sound I.F. attenuation. With a 
capacitor of 2.7 pF the attenuation would be too great.

3) Z23, ¿21 and CM, C65 are replaced by unit Type AT 4502.
4) ¿26, L27 and C69, C70 are replaced by unit Type AT 4504.
The tuning frequencies, bandwidths, extra damping resistors etc. are iden­
tical to those given on page 182. Also the figures for the stage gain
are substantially the same, so that the total sensitivity of the receiver is
not appreciably changed.
The connections of units AT 4502 to AT 4505 are given in fig. 68. In this 
figure the numbering of the inductors and the capacitors corresponds with 
the circuit diagram of fig. 29, the black dot printed at one of the corners 
of each unit indicating a colour marking.
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PHILIPS’ TECHNICAL LIBRARY comprises 4 series of books:

a. Electronic Valves
b. Light and Lighting
c. Miscellaneous
d. Popular series

Series a, b and c in cloth binding 6" X 9", gilt. The dimensions of the popular 
series, coloured “integral” binding, 5|" X 8}".
Most of these books are published in 4 languages: English, French, German 
and Dutch.

a. Series on ELECTRONIC VALVES

Book I “Fundamentals of Radio-Valve Technique”, by J. Deketh
Book II “Data and Circuits of Receiver and Amplifier Valves”
Book III “Data and Circuits of Receiver and Amplifier Valves”, 

1st Suppl.
Book IHA “Data and Circuits of Receiver and Amplifier Valves”, 

2nd Suppl., by N. Markus and J. Otte
Book IIIB “Data and Circuits of Receiver and Amplifier Valves”, 

3rd Suppl., by N. Markus
Book IIIC “Data and Circuits of Television Receiver Valves”, by 

J. Jager
Book IV “Application of the Electronic Valve in Radio Receivers 

and Amplifiers”, Volume I, by B. G. Dammers, J. Haantjes, 
J. Otto and H. van Suchtelen

Book V Ditto, Volume 2
Book VI Ditto, Volume 3
Book VII “Transmitting Valves”, by P. J. Heyboer and P. Zijlstra
Book VIHA “Television Receiver Design” 1, by A. G. W. Uitjens
Book VIIIB “Television Receiver Design” 2. by P. A. Neeteson

Books IIIB, and VI are in preparation.

b. Series “LIGHT AND LIGHTING”

1. “Physical Aspects of Colour”, by P. J. Bouma
2. “Gas Discharge Lamps”, by J. Funke and P. J. Oranje
3. “Fluorescent Lighting”, by Prof. C. Zwikker c.s.
4. “Artificial Light and Architecture”, by L. C. Kalff (size 7" X 11”)
5. “Artificial Light and Photography”, by G. D. Rieck and L. H. 

Verbeek (size 7" X 11")
6. “ManualforthellluminatingEngineeronLarge Size Perfect Diffusors”, 

by H. Zijl
7. “Calculation and Measurement of Light”, by H. A. E. Keitz
8. “Light Technique”, by Joh. Jansen
9. “Airport Lighting”, by J. Stap
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10. “Germicidal Lamps”, by J. Hemerik
11. “Infra-red Lamps”, by M. Bierman and S. J. W. Zandvoort

Books 4 and 7 are in German only. The English edition of books 
7, 8, 9, 10 and 11 is in preparation.

c. Series “MISCELLANEOUS”

a. “Television”, by Fr. Kerkhof and W. Werner
b. “Low-Frequency Amplification”, by N. A. J. Voorhoeve
c. “Metallurgy and Construction”, by E. M. H. Lips
d. “Strain Gauges”, by Prof. J. J. Koch
e. “Introduction to the study of Mechanical Vibrations”, by G. W. 

v. Santen
/. “Data for X-Ray Analysis” I, by W. Parrish and B. W. Irwin (size 

8.2" X 11.6"), paper bound
g. “Data for X-Ray Analysis” II, by W. Parrish, M. G. Ekstein and 

B. W. Irwin (size 8.2" X 11.6"), paper bound
h. “X-Rays in Dental Practice”, by G. H. Hepple
i. “Industrial Electronics”, by R. Kretzmann

“POPULAR SERIES”

The books of Philips’ Technical Library are on a rather high level. Time 
over again we have received requests for technical books on a somewhat 
lower level. It was decided to comply with these requests and thus publish 
such books in a “popular” series. Popular does not mean here superficial, 
but intelligible to a larger group of readers.

1. “Remote Control by Radio”, by A. H. Bruinsma
2. “Electronic Valves for L. F. Amplification”, by E. Redenhuis
3. “The Odes and Trons Family”, by J. Haantjes
4. “Battery Receiving Valves”, by E. Rodenhuis
5. “Germanium Diodes”, by S. D. Boon
6. “Cathode-Ray Tubes for Oscilloscopes”, by Harley Carter

Books 3, 4, 5 and 6 are in preparation.
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Fig. 29
Circuit diagram of a television receiver for the 625-line system, using the 

picture tube MW 43-43.
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